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PREFACE

The teaching strategies and mathematics materials suggested In this

teacher's manual and the accompanying mathematics books for children are

part of ihø Southwest Educational Development Laboratory's Mathematics/ or

Science Program.

Users of these adapted materials have the opportunity to revise and

improve them in the light of experience and evaluation of results of their

effectiveness in the.classroom. This interaction of program designers and

writers with teachers and pupils is consistent with the process of educa-

tional development -- the continuous.improvement of materials and techniques.

As these., materials are pilot tested, the teachers! experiences with them

have almost instant impact on their continuing revision and improvement.

Designed to compensate for pupils' past failures to understand mathe-

matiCal concepts, the Southwest Educational Development Laboratory's Melte-

matics/Science Education lirogram takes Into account the social and cultural

background and cognitive skills a student brings to the learning situation.

This-book, Mathematics, Book Iv includes adaptations of the mathematics

program commonly experienced in the fourth year of school. It is one of four

books, K, L, M, and N, for this level. The adaptations are designed to meet

the particular needs of those children who have accumulated discouragements

in learning mathematics. With this in mind, the naading level required of

the pupils has been reduced. More importantly, meanimgful mathematical

experiences are presented in ways which give the pu,Ril many opportunities

for success.



As in any sound educational program, the role of the teacher is critical.

A teacher's Interest and enthusiasm are contagious to students, but interest

and enthusiasm are dependent upon the teacher's assessment of his own com-

petence. This guide is designed to assist the teacher in directing class-

room activity and in eeveloping an understanding and appreciation of the

mathematical concepts and skills to be taught.

The following premises guided the team of teachers and mathematicians

who adapted and wrote these materials:

Unnecessary use of vocabulary which has no meaning for

children can be avoided.

Teaching mathematics requires patience, purposeful

planning, and opportunity for learning.

Mathematical experiences can be adapted to children

rather than adapting children to mathematical experiences.

The Laboratory's Mathematics Program has been expanded to include

Science. Long range plans include adapting science materials to meet the

needs of pupils who have failed to rspond to traditional materials and

teaching approaches.

Edwin Hindsman
Executive Director
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*UNIT 4

Properties

OBJECTIVES:

.

I. To study mathemaiical sentences that use several number

operations.

2. To develop skill in soking story problems.

3. To develop the concept,of operation.

4. To introduce the meaniqg of a-property of an operation.

5. To discover some properties the basic operations have.

a. Addition and multiplication have the commutative

b. Addition and multiplication have the associative

property.

c. Multiplication is distributive over addition.

d. Zero and one have special properties under addi-

tion and multiplication.

BACKGROUND INFORMATION FOR TEACHERS:

The inirpdse of this unit is to help the pupils better understand

what is meant by an,operation on numbers. The pupils have been adding,

subtnacting, multiplying, and dividing numbers for some time. These

processes are called operations% Now we look at the general meaning

of an operation on numbers so that we can discover some "properties"

of an operation.

A property of an operation is a special characteristic that the

operation has. A pro erty of iron is its hardness and a property of

1 0
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birds.is

i

thel.r ability to fly. We.study the propertiolof the opera- ...,.......,.."-

tions so that we can base all the techniques of the operrttitaricn-
l

their properties.
4.

The,operations thit pupils first use are called binary opera-

tions. For example, addition is a binary operation because it assigns

to each pair of whole numbers something -- in this case, one whole num-

ber. Addition is an operation that

assigns to the pair 3 and 5 the whole number 8,
assigns to the pair 7 and 2 the whole number 9,

and so on; for every pair of whole numbers, addition assigns one whole

number.

We can write this in many ways. For'example:

(3,5)---a.8

(7,2)-0-9

Or we can'think of the addition operation as a machine into which we

.-put a pair of-numbers and out of which comes one number, the sum..

3,5

1 8 9

Of course, the usual way to write 'the fact that addition assigns TO the

pair (3,5) the number 8 is as follows:

3 + 5 = 8

2



later the pupils will use operations on a sinple,number. An

, example of such an operation is the squaring operation, which assigns

to each single whole number its square. Squaring assigns to the num-

ber 3 the number 9; squaring assigns to the number 5 the number 25;

and so on. For example:

5-41-25

When we use the word "operation", we will mean binary.operation.

We try to help a pupil understand that there are many kinds of

oPerations other than the four they have already studied. By making

up new operations, the pupils begin to see that some operations have

certain properties and that-others do not have these same properties.

For example, they find that addition and multiplication are cOm-

mutative operations .but that subtraction and division are not.

Commutative property. An operation is commutative if it assigns

_the same number-to the pair a, b as it assigns to the Oft b, a. In

our work here, a and b are any whole numbers. For example,

2 + 3 = 3 + 2 .and 5 + I = I + 5.

Similarly, for any two whole numbers. Also,

2 x 4 = 4 x 2 and 3 x 7 = 7 x 3.

Similarly, for any two whole numbers. Thus, addiiion and multiplica-...s

tion are commutativa for whole numbers becausea+b=b+aand

axb=bxaare true sentences for any whole numberaand any whole

number b.

3



But some sentences of the following kind are not true:

6 * 3 = 3 .1- 6 9 - 2 = 2 - 9

8 * 2 = 2 t 8 7 - 4 = 4 - 7

This means that subtraction and division do not have the commutative

property.

Another property of an operation that the pupils study is the

.associative property. They discover that addition and multiplication

are associative operations but that subtrattion and division are not.

Associative_probeEtt. All binary operations assign something (in

our case, numbers) to pairs of numbers. When three numbers are to be

added, we first must add two of them and then add their sum and the

third number. This can be done in two ways. For example:

(31007 34;0
/

0.7)_±.15 (3,12).415

That i§:

(3 + 5) + 7 = 8 +.7 and 3 + (5 + 7) = 3 + 12

= 15 = 15

,

in both uddition afild,muAfiplication, theipupils see that the re-

l\
sult is the same no matterNi w the three 24ers.are grouped when the

operation is applied. Thus, we-see-tfiat addition and multiplication

/are associative because

(a + b) + c . a + (b + t) and (a x b) x c = a x (b x c)

for any whole number a, any whole number b, and any whole number c.

04'



GRADE 4

The following revised order of units is recommenaad. More time

spent on the early units will help children develop a sound founda-.

tion; thus less teaching time will be required for later units.

UNIT TITLE 800K

1 Sets and Numbers

2 Operations on Sets and Numbers

2i Introduction to Multiplication

3 Multiplication and Division of Whole

Numbers

4 Properties

9 Techniques of Multiplication and

Division

5 Geometry

4z)

6 Fractions

7 Techniques of Addjtion and Subtraction
of Whole Number cm )

12 Techniques of Multiplication and
Division II

10 Operatiohs on Fractions

8 Measurement

14 Techniques of Multiplication and
Division III

II Geometry II

13 Integers
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BUY subtraction and division are not associative operations. These

sentences are not true:

(8 - 4) - 2 = 8 - (4 - 2); (8 .1 4) * 2 = 8 1 (4 : 2);

(12 - 6) 2 = 12 (6 - 2); (12 1 6) 1 2 = 12 : (6 f 2)

Zero and one. .1n Unit 3 the pupils found that certain numbers have

special properties when used in addition or multiplication. We call these

properties:

Addition property of 0. For any whole number (I, the sentence

0 + a = a is true. (For example, 0 + 7 = 7; 0 + 81 = 81.)

Multiplication property of I. For any whole number a, the

sentencelxa=als true. (For example, lx6 = 6; lx37 =

37.)

These properties of 0 and I are used over and over again in the develop-

ment of arithmetic.

Distributive property. The children will discover a property

that connects the two basic operations, addition and multiplication.

It is cailed a distributive property. They find that multiplication is

distri 2tive over addition, but that addition is not distributive over

multiplication.

When a rectangular array is separated into two rectangular arrays,

the operations of multiplication and addition are suggested.

A A 4 A A A

A A A A A A

A A A A A A
1

3 x (2 +4)

A

L J
= (3 x2) 4. (34)

A A A A

A A

A a A



6

In the same way, the pupils find that both of the following sen-

tences are true.

4 x (I + 6) = (4 x 1) + (4 x 6)

3 x (5 + 2) = (3 x 5) + (3 x 2)

That is, multiplying.the sum of two numbers by a lumber gives the same

result as multiplying the first addend by that number and then the sec-

ond addend by that number and then finding the sum of these products.

We say:

Multiplicdtion is distributive over addition usinb

whole numbers because

a x (b + c) = (a x b) + (a x c)

is a true sentence for any whole number a, any whole

number b and any whole number c.

But when the pupils try to distribute addition over multiplica-

tion, they find that these sentences are not true:

3 + (5 x 2) (3 + 5) x (3 + 2)

4 + (2 x 3) = (4 + 2) x (4 + 3)

Thus, addition is not distributive over multiplication.

In all the arithmetic and later mathcmatics that the pupils will

study, the property that multiplication is distributive over addition

will be called simply the distributive property. It is the most power-

ful and useful property available to the pupil in all he discovers about

the techniques of arithmetic.

The pupils should begin to understand what these properties are

and how they can be used, but not much emphasis need be placed on the

names of the properties. The words "commutative", "associative" and

1 7



"distributive" should be mentioned, but the pupils should not be drilled

on_the_words. _The emphasis_shou.ld be on the understanding of meanings

of the properties rather than on the names.

In this unit there are two minor ideas that are important:

I. The pupils need to learn the use of symbols for grouping.

For example, the parentheses in the sentence

3 x (4 + 2) = n

tell us that the numerals inside the parentheses name one

number. Then

3 x (4 + 2) means 3 x 6.

As another example,

(3 x 4) + 2 means 12 + 2.

2. The children must understand that when the same letter occurs

several times in a sentence, that letter refers to the same

number each time it occurs in the sentence. For,example the

sentence n + (2 + n) = 6 becomeS the false sentence

3 + (2 + 3) = 6

if we learn that n is a numeral for 3.

If n = 2, then the sentence n + (2 + n) = 6 becomes

2 + (2 + 2) = 6 (a true sentence).

The emphasis in this unit is on understanding the meaning of these

properties and not on the names of the properties. In the activities,

strange operations will be used to extend the pupils' understanding of

the properties discussed.

7
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OBJECTIVES:

1. To study mathematical sentences that use several number

operations.

2. To develop skill in solving story.problems.

VOCABULARY: none

SYMBOLS: < ,>

MATERIALS: at least 30 coUnters for each child; pupil pages 1 - 13

Activity 1: (Oral) Regrouping sets and renaming numbers

Objec.tlyez --

Children can write mathematical sentences for different

arrangements of counters.

.Materials: 20 counters per child

Teaching Procedure:

Note: The use of counters and arrays to establish mathematical

ideas is important. it may be necessary to use counters for several

days or at intervals throughout the unit.

Let each pupil place a set of exactly 17 counters on his desk.

Ask the pupils to arrange some of their counters in a rectangular

array and to place the remaining counters in a group beside It. On

the board, draw a picture of one possible arrangement for the pupils

to see.

a

. . ..... . '0-1.,

0 0 0 0

S 0

0 0 0

19



Ask the pupils ghat product is shown by the dots in the rectangu- ;

lar array. They mt.v.,t say, (3 x 5). Ask, "How many are left ovar?" (2)

Help the pupils make a matheMatical sentence 'hie descrities the arrange-

ment of the dots on the board. Write the mathematical sentence,below

the drawing on the board:

-'
II

17 = (3 x 5) / + 2

--Ask-the-puplis to.thtnk.of cther. ways. of arranging the same number,

of counters, putting some of the counters in a rectangular array. Let

each pupil make a mathematical sentence to describe hts arrangement and

write the sentence in his book. -Let the pupils work in .pairs and check

each other:/s work. If they have difficulty, draw pictures on the

bbard of other possible arrangements of the 17 counters. Ask the pupils

in.turi to write a mathematical sentence balow each of the. arrangements.

2.
*

4 0 0.
0 0

I

+ (4 x 3 ) = 17

or 17 12 4 ( x 3 )

.( x ) + 17

or 17 = ( x + 1

20
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111

clx 3 + ( 2 x 4 ) = 17

or 17 ( 3 x 3 + x 4 )

) + ( 3 x 2 ) + 2 ) + 1 = 17

or 17 =(2X2)+(_3X2)+( 3 x 2 )

Note': Make sure that the pupils use the parentheses corrertly to show

.which operations are perfOrmed first. For example, the arrangement.

is properly described by the sentence:

(4 x 4) + (2 x 2) + 1 = 21,

but the arrangement is not described by the sentence

4 x 4 + 2 x 2 + 1 = 21.

Thia,latter sentence does not tell which operations are done first, and

a pupli'might think it means

4 x (4 + 2) x (2 + 1) = 21,

10



which is a false sentence.

Lefeach pupil get 3 more counters so they each have 20. Let

them arrange their 20 counters in different rectangular arr

they did with the '7 counters. Ask, "Can all of the counters be ut

in a rectangular array? Can some of the counters be put ,in an array,

with some left over?" Let the pupils arran:e the counters in many

ways and write.a mathematical sentence for each arreAgement. Some

of the sentences they may write are these:

10 x 2 = 20 or 2 x 10 ='20

20 . 5 x 4

(4 x 4) + 4 = 20

20 = (5 x 2) + (2 x 5)

(3 x 5) + 5 20

or 4 x 5 = 20

or 20 = 4 + (4 )( 4)

or (2 x 5) + (5 x 2) . 20

or 20 = 5 + (5 x 3)

20 . (,11 x 2) + 2 + (4 x.2) + 2 or 2 + (2 x 4) t 2 + (4 x 2) = 20

(6 x 3) + 2 . 20.. .or 2 +.(3 x 6) = 20

20 = (9 x 2) + 2 or 2 + (9 x 2) = 20

Encourage each pupil to show at least three different arrangements

and write the mathematical sentence fOr eac

A'low the pupils to choose any n er of counters. For example,

one pupil may choose 36. Let him arr nge his 36 counters in arrays in

different ways and write sentences s ch as these:

36 or (6 x 2) + (6 x 2) + (6 x 2) = 36 or 36 = (3 x 6) + (6 x 3)

11
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pupil pages I, 2Activity 2: Solving Mathematical Sentences

Qb,lectives:

I. Children can solve a wthematical sentence using counters

when needed.

2. Given an incomplete sentence containing parenthees and tnvolving

one operation, children can choose a symbol'( < , > , or =)

that makes the sentence true.

Materials: 36 cuntersr flannel board and 36 figures for flannel

board, 56 cOuntert er pupil (if necessary)

Teaching Procedure:

On pupil page I, the pupils work with sentences in wnich there

are several operations. Use some or all of the seven examples sug-

gested below to help the puptls before they begin work in their books.

Write each example on the board as it is used.

Example I: AskGthe pupils to find the number that makes this

sentence true:

(6 x 3) + n = 20

18 + n = 2101

n is

Let the pupils use counters.or figures on a flannel board to help

them solve the problem. They begin with 20 counters. Since 6 x 3 is

18, they know- that 18 counters plus n counters must be 20 counters.

That is, they must add 2 to 18 to get 20. Therefore, n is 2.

12
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gxample 2: Ask, "What 'lumber makes this sentence true?"

15 = (b x b) + 6

b Is

The pupils must know that b is the same number each time it is in

the sentence. .

Let the pupils talk about the sentence. They might say, "We have

15 counters. We should ar geJJe counters into two groups. One

group containd 6 countersç We must arrange the other group into an

array with b rows and b me bers in each row," as below:

Write 3 x 3 under the first array. Therefore, b is 3.

Or they-might say, "The sentence-tells us that we must add (b x b)

to 6 to get 15. ThSt means that b x b Is 9, b x b Is 3 x 3 and b is

3.

They should decide that if b Is 3, then the sentence

15 =.(b x b) + 6 becomes 15 = (3 x 3) + 6,'

which is a true sentence. Thud, the number that makes this sentence true

Is 3.

gmg1111-1 Ask the pupils to find the number that makes this

sentence true:

(n + 5) + n = 21

n is

In this sentence, both n's are the same number.



Pupils might say, "We have 21 counter to begin with. We arrange

them into three groups to represent each addend. Two addends are the

same number n. Therefore', two groups must have the same number of mem-

bers." Pupils mIght.arrange counters as below:

6000

Let'the pupils guess what nupber n is and try it. A pupil might

th.lnk and y, "If n Is 5 then

(n + 5) + n = 21 becom6s (5 + 5) 4. 5 = 21,

whidh is not true-becaUSe-(5 + 5) 4 -5 =-15. n is mot-5." Another

pupiI4, might then try a greater number, 9. He may say, "If n is 9, then

(n + 5) + n = 21 becomes (9 5) + = 21,

which Is not true betause (9 + 5) + 9 Is 23. n is not 9."

Another pupil might try a number less than. 9. He may say, "If

n Is 8, then

(n + 5) + n - 21 becomes (8 + 5) + 8 = 21,

which is true.. n h 8."

In this wdy, the children find that a number, n, which mdkes that

sentence true, it. 8.

(n + 5) + n 21

n- is 8.
.

p<amples 4 - 7: Write the following examples on the boa'rd

and let pupils in tutno4ve the sentence5:

28 (k x k) + 3 (d + 7) + d .4 17

k Is 5 d is 5 .

(6 x h) (3 x h) = 36. 13 + (n x 5) = 18

14
h is .

n Is 1 .

CZI



Let the pupils talk about ways of solving sentences. Encourage

the use of counters if pupils have trouble solving the problem verbally.

Ask the pupils to turn to page 1 and find the numbers that make

each sentence true. Under each sentence let them draw dots in arrays

to show what they did to find the answer.

For example,'the first exercise will look like this4.

(3 x 2) + a = 8

a = 2.

(Let 'the pupl)s use the figure at the top of page I as an example.)

'Give the pupils help in using parenthe5es.0 Ask them to tell which

of the symbols or > or makes the following sentence true:

(3 x 2) x 2 3 x (2 x 2)

In this sentence the symbol.= makes a true sentence

because (3 x 2) x 2 = 6 x 2 = 12

and 3 x (2 x 2) = 3 x 4 = 12.

Write this sentence on the board and ask the pupils to make it

true:

4 + (5 x 3) (3 x 4) + 6

The pupils fJnd the number named on the left and the number ndmed on

the right. They choose a symbol (< or > or =) that makes a true sen-

tence. In this example, they choose the symbol > because

4 + (5 x 3) is 19,

and (3 x 4) + 6 is 18.

and 19 > 18, which is true.

16
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Let the pupils turn to page 2 and write a symbol fn each blank space

to make the sentences true. Ask the pupils to work all the examples

on the left, then all the oxamples on the right, then to choose and

write the symbol of comparison.

r'
Pupil pages 3, 4

Ob ective:

Children can write the simplest numeral for a numeral con-

taining pareniheses and the signs for different operations.

Teaching Procedure;

In this activity the pupils will use addition and multiplication

. .

in the same exercise. They will use parentheses to group several MOral's

together to represent one number.

Write on the board these two numerals:

(3 + 5) X 4 3 + (5 x 4)

Ask the puplis to read each. (The first is read "The number 3 + 5 tImes

4"; the second is read "3 plus the number 5 times 4".) Ask what number

is named by the first numeral. (8 x 4, or 32) Say, "32 is the simplest

name for (3 + 5) x 4." '"What number is named by the second numeral?"

(3 + 20, or 23) Say, "23 is the simplest name for 3 +;(5 x 4)."

This reviews the meaning of the parentheses as signs of grouping.

Remind the pupils that these two numerals written on the board have the

same symbols in them, but the numerals are not grouped the same way.

Help the pupils understand the importance of the grouping.

2"



Let the class turn to page 3, and write a simpler name for each

numeral. This will give the pupils practice in using the grouping

signs (parentheses). Page 4 is a supplementary page.

Activity 4: Mathematical Sentences

Ob'ective:

Pupil page 5

Given an incomplete sentence containing parentheses and involving

different operations, children can choose a symbol (<, > , or

=) that makes the sentence true.

Teaching Procedure:

Write on the board: 4 x (5 + 2) (4 x 5) + 2. Point out that

the line shows that a symbol is missing in the sentence. Ask, "What

symbol can you write to make the sentence true?" Guide the children

to decide that the missing symbol is > because

4 x (5 + 2) = 4 x 7 and (4 x 5) + 2 = 20 + 2

= 28 = 22

and 28 > 22

Emphasize the importance of first finding the numbers shown in the paren-

theses. Get a child to complete the sentence.

4 x (5 + 2) (4 x 5) + 2

Write another sentence such as:

8 + (14 2) (14 = 2) x 8

Guide the children to see that:the missing symbol is < because:

8 +AO 2) = 87 and (14 = 2) x 8 = 7 x 8

= 15 = 56

and 15 < 56

17
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Get a child to complete the sentence:

8 + (14 : 21 (14 f 2) x 8

Use other sentences to help the children understand that the numeral

inside the parentheses is a name for onc number. Emphasize again the

importance of first finding the number shown inside the parentheses

and then doing the other operations.

Ask the children to complete the sentences on pupil page 5 making

the sentences true by writing the missing symbols.

It may be well to suggest that the pupils work the examples on

the left first, then those on the right, then choose which symbol

makes the sentence true.

Activity 5: Solving problems

Obeective:

Pupil pages 6 - 10

Given a story problem involving several different operations,

children can write a number sentence for the problem, can

find the number that makes the sentence true, and can answer

the question asked by the problem.

leaching Procedure:

Note: In ihi5 malhomalict, program there is a 0c:finite plan for

teaching the solving of word problems. II has the following steps for

pupils to follow:

I. Know what the problem is about and the question asked in the

problem.

2. Write a mathematical sentene-far the problem, with a letter

, representing the missing number.
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3. 'Find a number that makes the ma4aematica! sentence true.

4. Use the number to answer the question in the problem.

Follow this plan as you help the pupils solve word problims. It

is the plan that is used in all levels of mathematics in solving prob-

lems.

The purpose of this activity is to help the pupils learn to solve

problems stated in words. The problems use several different operations.

Before the pupils begin the exercises, help them solve some sample prob-

lems. Tell this problem to the pupils and let them talk about it:

Problem 1: Ronald collected stamps. Four girls in his class each

gave him 6 stamps. Seven boys in his class each gave him 3 stamps.

The teacher gave him 4 stamps. How many stamps did Ronald collect?

Let the pupils talk about the'problem. Get them 1-o say what

question it asks. Write the question on the board. As thoy talk about

the problem they may say Ronald got stamps from 4 girls (4 x 6), from

7 boys (7 x 3) and from the teacher (4). They may suggest drawing a

picture like this:

[1 11 El n n
0 17 71 71 LI

o n 171 ri n
n 1-1 171 11

n 0

x x
4

Guide the pupils to then make the mathematical sentence:

(4 x 6) + (7 x 3) + 4 = s

19
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Let them talk about what each part (4 x 6; 7 x 3; 4; and s) of the

mathematical sentence means. Get them to rename the numbers in the

mathematical sentence and say

s is 49.

Ronald collected 49 stamps.

Let the pupils talk about how they answered the question in

ftobtsm-L--(WecknOW-the-probleth-and.the-OeS+TOn-Wasked; we wrOte

a mathematical sentence; we found a number to make the mathematical

.Sentence true; and we answered the question asked in the problem.)

Go on in a similar way with Problem 2. The work that you and ihe

pupils may write on the board is given.

Pi-oblem 2: One morning a storekeeper had many eggs In his basket

for sale. Five men each bought 8 of the eggs. Four women each bought

7 of the eggs. That night the storekeeper looked in his basket. He

saw 12 eggs left. How many eggs were in his basket in the morning?

How many eggs were in the basket in the morning?

(5 x 8) + (4 x 7) + 12 = e

e is 80.

There were 80 eggs in the basket.

Let the pupils open their books to pages 6 - 10. There are ten

word problems on these pages. Each problem has questions to be answered.

Let the pupils tell what numbers to write in the blank spaces to make

the sentences true. Let them write the following for each of the exer-

cises: the mathematical sentence; a statement telling what the

missing number In the mathemalical sentence is; and an answer to the



question asked In the problem. This Is the way their page may look:

I. 3x6=e 2. (3 x 6) + 7 = a 3. s = (5 x 10)

e Is 18. a Is 25. s Is 42. .

Mary has 18 eggs. Now Mary has 25 eggs. John has 42 oranges

left.

4. b = (7 x 5) - 8 5. (4 x 3) + (2 x 4) = n

b is 27. n is 20.

There are 27 birds left. There are 20 sides.

6. (4 x 8) + (2 x 5) = n 7. e = (5 x 7) + (3 x 3)

n is 42. e is 44.

They caught 42 fish. There are 44 small squares.

8. (7 x 4) + (4 x 2) = u 9. (24 4 4) - 2 = s

u is 36. s is 4.

The animals have 36 legs. John has 4 marbles left.

10. g = (24 - 6) 4 2

g is 9.

Each boy has 9 fish.

Activity 6: Story problems

Ob ective:

Pupil pages II - 13

Given a story problem involving several different operations,

children can write a number sentence for the problem, can

find the number that makes the sentence true, and can answer

the question asked by the problem.
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Materials,: one piece of paper for each child

Teachina Procedure:

Before doing the exercises on pupil pages 11 - 13, give a few prob-

lems as examples and discuss ways to solve them.

ExamPle 1: Ken bought 2 bags of oranges. Each bag contained 6

oranges. He shared these oranges equally among 4 boys. How many oranyes

di.d each boy get?

Ask,."What question does the problem ask?" 'Wow many oranges did

each,boy get?)

Guide the children to write a mathematical sentence 'or the problem

by helping them: decide how many oranges Ken bought (Two bags of 6 oranges

are shown as (2 x 6)); think about what Ken did with oranges (shared them

%Nally among 4 boys); and discuss the problem and its mathematical sen-

tence until a sentence is written.

(2 x 6) 4 = b

Let the pupils find what number b makes the sentence true. (Since

(2 x 6) i 4 = 3, b is 3.) Ask, "What is the answer to the question in

problem?" (Each boy gets 3 oranges.)

.Examale 2: Ninals family invited Amy's family and Herman's family

for a birthday party. There were 22 people in all. If 10 people were

members of Nina's family and 8 were members of Amy's family, how many

were members of Herman's family?

Ask the children what question the problem asks. They can let s be the

number of people in Herman's family. Guide the pupils to write the mathe-

matical sentence by helping them decide that at the party there were

(10 + 8 + s) people in all. Let someone write the sentence:

(10 + 8) + s = 22

n..



Ask, "What is (10* 8)? (18) What number s makes the sentence true?

(4) "What is the answer to the question in the problem?" (There wore

4 people from'Hermants family at the party.)

Let the pupils open their books to pupil.pages 1 I - 43 and answer

the questions about the story problems. Get the pupils to write the

- following on another worksheet for each exercise: the mathematical

sentenC4),Nthe missing number, and the answer to the question asked in

he problem. This is the way. their papermay-look for pupil pages

11 - 13:

1. (7 x 4) - 6 = n *2. (n + 7) 1 13 = 2

n ies 22 n is 19

22 animals were put back There wena 19 peaches on the

on the shelf. ground at first.

3. (32 = 4) + v = 15 ,4. (n x 8) - 14 = 42 or
n x 8 = 14 + 42

is 7 n is 7

Each friend had 7 marbles There were 7 boys.

at first.

5. (r = 2) - 2 = 8 *6. (n x 4) + (n x 3) = 56

is 20 n is 8

The boys have 20 beans The teacher drew 8 squares

together. and 8 triangles.

*Starred problems are challenge problems.
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TOP I; J I QPERAT I ONS

WECTIVES:

I. To develop the concept of operation.

2. To make new operations by use of an operation machine.

VOCABULARY: operation machine, number pairs, operation

SYMBOLS: +, x,

MATERIALS: cardboard operation machine; thirty-seven 3" by 3" numeral

cards (from 0 to 36); four 3" by 3" symbol cards C+, x,

'pupil pages 14 - 17

Asliyityl) Recognizing operations and making new operations (oral)

Objectives:

I. (Avon a pair of whole numbers and the corresponding answer,

children can identify the operation (addition or subtraction)

the machine is performing.

2. Given a pair of wholo numbers and tho operation (addition or

subtraction), children can find the.answer for the operation

machine.

Materials: cardboard operation machine if desired; thirty-sevon

3" by 3" numeral car&,.from 0-36; four 3" by 3" symbol cards

x, :)

Teachinp Procedure:

On the board draw a box like this:

Handle



Say, "Pretend that'this is a machine. It is an operation machine. See

the handle. We put,two numbers into the top of the machine." Write

the numerals (8, 2) above the machine. (See the drawing below.)

"When we turn the handle, the machine does something to the numbers,

and one number pops out of the bottom." Pretend you are turning the

handle and write 10 below the box. (See drawing below.) "What

did the machine do to our pair of numbers to get the number I0?"

If no one says "add", or even if they do, erase the numerals. Then

/--
write (4, 3) above the box. Say, "When we turn the hátit1e the machine

takes the numbers 4 and 3 and out pops the number 7." Wri e "7" at

the bottom. "What did the machine*/ to our pair of numbers,to get

the number.7?" Continue putting pairs of numbers at the top and their

sum at the bottom.

Let the class think about and discuss these questions until they

decide that the machine adds the pairs of numbers. Say, "Yes, this is

an addition machine." Write a plus sign on the middle of the machine.

Now the board looks like this for the first example:

(812) Z:

A I

Erase the numerals and write the pair (6, 3) above the machine. Pretend

you are again turning the handle. Ask, "What number will pop out of the.

3
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addition machine? "9" Continue this with other number pairs. Each

time, ask what number will come out of the addition .machine. Let the

pupils in turn write the numerals for number pairs they want to put

Into the machine and for the number that pops out.

I f the teacher des i res to have an ope rat 1on mach 1 ne, di redt ons

for making one are as follows:

.To-make --an operation -mach-i-ne-for--the---pup-lis, --use .a 10" by 18" p ece

of cardboard. Mark these points along the 18" sides: 3", I", 4", 1",

6", I", 2", as shown at the left below: Then fold as shown at the right.

311

1"

4"

1"

6"

1"

2"

1"

1"

1"

Draw a picture of an operction machine on the folded cardboard and cut

off the regions that are shaded in the figure below:

4-3' -els- 4" --44-3

3po



C.

Make 3" by 3" numeral (from 0 to 36) and symbol (+, x, 0 cards

to be used with the machine. The cards fit into the folds of the

machine.

Fasten the cardboard operation machine to the wall. Place the

card marked "x" in the fold for the operation symbol and say, "This is

a multiplication machine." Put two numeral cards, for example, 3 and 6,

in the top fold and say, "If we put the pair (3, 6) into the multipli-

cation machine and turn the handle, what number comes out?" .When the

pupils say "18", put a numeral card for 18 in the bottom fold.

Contjnue this type of activity with the multiplication machine.

Let a pupil put a pair of numeral cards at the top of the machine and

ask another pupil to pretend he is turning the handle. Let still

another pupil teil what number pops out and place the numeral card at

the bottom.

After the pupils have,used the multiplication machine for a while,

namovpthe "x" card and replace it with the "-" card. Say, "Now we have

a subtraction machine. We will put these two numbers into the subtrac-

tion machine. Put the numeral cards (7, 2) at ,the iop of the machine.

(If you use any other pair of numbers, make sure that the first is grealqr,

than or equal to the second.) Ask someone to come up and pretend to turn

the handle of the machine, ilet a pupil tell what number pops out and

let him come up and put the numeral for the number at the bottom of the

machine. No matter what numeral he puts at the bottom, let the rest of

the class decide whether he chose the correct card. Get pupils to tell

3
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Pupil 14 - 17

why the result is correct or incorrect (5 pops out because 7 minus 2

equals 5, or 5 must be added to 2 to get 7) When a pupil puts a

number pelr like (2, 7) into the machine, the pupils should say, "No

number pops out.", You say, "Our subtraction machine is a whole number

machine and, therefore, will not work for this pair of numbers."

Continue this activity until the class has some experience in using

the subtraction machine.

Activity 2: Finding the operation

ObJectives:

I. Given a pair of whole numbers and the corresponding answer,

children can identify the operation (addition, subtraction,

multiplication, on division) the machine is performing.

2. Given a pair of whole numbers and the operation (addition,

subtraction, multiplication, or division), children can find

the answer for the operation machine.

3. Given the operation (addition, subtraction, multipli7tion,

or division) and the answer, children can find a pairlof

whole numbers the operation machine is using.

Teachino Procedure:

Let the pupils use the operation machine as they did in the pre-

vious class activity.

Remove the "-" card from the operation machine. Say, "I put a

number pair (8, 2) into the operation machine. "Do we know what opera-

tion the machine will do?" (No, there is no symbol to tell us.) Say,

"We will see what happens." Get a pupil to turn the handle. Say, "A



number is popping out." Put a numeral card for 4 in the bottom of the

machine. "The machine gave us 4. What kind of operation machine is

'this?" Let the pupils discuss this question. If they cannot answer,

use other number pairs. Put (8, 4) in the top of the machine and 2 in

the bottom. Again ask what kind of machine it is. Continue until the

pupils decide that it is a division machine.

Place a symbol.card for 1 in the proper place. Go on putting dif-
A.

ferent pairs of numeral cards in the top and asking what number pops

out of.the bottom. For example, put (6, 2), (9, 3), (12, 3) in the

top of the machine. Also try the number pair (2, 6). Guide the puplIS

to say, "No number pops out." You say, "The division machine will not

work for this number pair because the answer is not a whole number."

Vary the activity. Sometimes put a pair of numerals in the top

and a numeral at the bottom and ask what operation the machine is per-

forming. Other times, put an operation card in the middle and a pair

of numeral cards in the top and ask what number pops out at the bottom.

Choose the cards so the pupils find all of the four operations. Ask

the pupils to turn to pages 14 - 17 in their books and look at the

pictures of the operation*machines shown there. In some of the pic-

tures of the machines the numeral at the bottom is missing. In some

the operation symbol is missing. In others the pair of numerals at

the top is missing. Let the pupils talk about these operation machines

and decide what the missing numerals or operation symbols are.

The pupils will decide that exactly one numeral is-needed at the

bottom of each machine. Notice that there is one exception. The last



machine on page 16 will not give a whole number because 6 4 is not

a whole number. When the numeral at the bottom of the machine is given,

there may be many different pairs of numbers that can be put at the top

to give that numeral at the bottom. For example, look at the fourth

row of machines shown on page 14. There are many pairs, such as those

shown below that can be put into the first three machines, but only one

pair can be put into the fourth machine.
(14,

(13,

(12,
(11,

(10,

(9,

(8,

(7,

7)

6)

5)

4)

3)

2)

1)

0)

(3,

(0,

(2,

(0,

(1,

(0,

0) .

2)

0)

1) .

0)

0)

(4,

(3,

(2,

(1,

(0,

4)

3)

2)
1)

0) (1, 1)

z z
r-- r-

zL
r- r---

7 0 0 1

In the machines with the operation signs missing, the pupils will

decide what the operation is. In some cases, there may be two possibi-

lities. For example, on page 14, third now, the last machine can be

either a subtraction or a division machine.

Let the pupils.do the exercise and put in all the numerals and

symbols. If there are several number pairs, get them to choose one.

Let the pupils talk about these exercises.

Make sure the pupi do 611 the exercises on pages 14 - 17 over

a period of several days. The exercises help to develop an idea of

what an operation is. They also are good review exercises.
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Act_JA,t_1: Finding a new operation

Oblective:

Given a pair of whole numbers and the corresponding answer,

children can identify the new operation the machine is per-
.

forming.

Materials: Cardboard operation machine used previously

Teaching Procedure:

Say, "Here is a new operation machine." Put the following pairs

of numeral cards at the top of the cardboard operation machine, with

corresponding numeral cards at the bottom:

0 (4,3) (5, 2) (1, 8) (7, 2) (3, 4)

5 1 7 3

Tell the'class that in Lrder to keep a record of the numbers that pop

out of the machine for this operation, we write:

(4, 3) 4

(5, 2) --40.5

(1, 8) .4'1

(7,

(3, 4) ---,3 and so on.

Each time you put a number pair at the top and a number at the bottom

write the result on the board as follows:

(5, 7) ---g. 5

"-The pupils will be puzzled by this operation machine. It uses an

operation strange to them. They may doubt that the machine is really

performing an operation. Ask, "Does the machine give us a number for
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each pair of numbers we put into it?" (Yes) Say, "Then the machine Is

doing an operation. Our operation gives us one number for each pair of

numbers." Review the addition and multiplication operations to show

that with these operations we get one number for each pair of numbers.

Talk to the pupils again about the new operation. Put more pairs

of numbers into the machine:

(0, 5) so 0
(4, 1)-0,4

Ask, "If I put the pair (3, 6) into the machine, what number will come

out?" If someone says "3" write (3, 6) --41. 3. Ask the pupil who

answered "3" to keep the operation a secret until the others find it.

If no one says "3" write in "3". Say and write the number pair

(6, 3). Ask for a number for this pair. If someone says "6" write

this numeral. Continue until the class sees that this operation

machine always gives the first of the pair of numbers that is put into

the machine.

Since this operation is new to the pupils, let someone give it a

name and a symbol. A pupil may suggest that it be called "Firsting"

because it always gives the first of the numbers in the pair and give

it a symbol as F. Then write:

(3, 6)----03

(2, 7)--E-w2

(6, 3)--E-16 and so on.

Let the pupils use this machine until they see how it works. Ask the

pupils to use the name and symbol they made up.
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Note: This operation and the others to follow are not important.

The pupils do not need to remember them. The operations are used here

only to help pupils learn about operations.

Say, "I am thinking of still another operation." This time you

(o Not need to use the cardboard operation machine. Write the pairs

and the resulting numbers as follows:

(1,

(3,

2)--1.2

2).-="."13

(7, 3) ----7

(4, 6)

Ask a pupil to give a pair of numbers. If he gives (3, 3), write

(3, 3)

and ask what number is given by the operation. If a pupil says "3",

write it after the pair. Go on in this way until the class discovers

that this new operation always gives the greater of the two numbers if

they are different and the number if they are the same. Again you can

let the class give the operation a name and a symbol. They may call

it the "greater" operation and use the symbol G. Thcn

(5, 2)-0,5

(6,

(1, 3)----41.3 and so on.

Note: If the pupils enjoy this activity, continue with some other

new operations for them to discover. For example:
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I. (I, 2) -164 (The result of this operation is always

(3, 1)=44 the product of the two numbers plus the

(4, 2)-f4 10 second number:

(2, 6)-1418 (4 3)-114(4 x 3) 4. 3.)

2. (0, 2)-240.3 (The rest :t of this operation is always

(4, 1)-1602 one more than the second number.)

(3, 7)-°-0.8

(, 0)-141

3. (4, 3)1411 (The result of this operation is always

(0, 1)-401 2 times the first number plus the secoOd

(I, 0)---44.2 number. For example,

(5, 5)---1.15 (3, 4)-40(2 x 3) 4. 4.)

(3, 7)-2-013

Encourage some of the pupils to make up their own operations. Play the

game called: What is the Operation? It is played as follows:

Teacher: Tell me a pair of numbers both less than 6.

John: 2 and 4

Teacher writes on the board: (2, 4)---412

Joseph: 0 and 5

Teacher writes: (0, 5)---010.

Mary: I think I know the operation. If I say (I, I), you will write

4,

Teacher: That is right, Mary. We have a secret. You take my place

and see if other pupils can find the operation.



Marv: Tell me another pair.

Bob: 3 and 2

Mary writes: (3, 2)-4010

-Bob: I know-the operation. If 1 say 2 and 1,.you will write 6.

Mary: How 4o you get 6 from 2 and 1?

Bob: I
find 2.times the,sum of 2 and 1..

The game can be placed from the beginning with a pupil in the place

of the teacher. Let a pupil think of. an operation and write some

examples on the board.

TOPIC III: PROPERT1E5,0f OPERATIONS

OBJECTIVES:

I. To develop the meaning of property of an operation.

2. To discover some properties the ,basic operations have:

a. Addition and multiplication have the commutative

property.

b. Addition and multiplication have the associative

property.

c. Multiplication is distributive over addition.

d. Zero and one have special properties under addi-

tion and multiplication.

VOCABULARY: commutative property, property, associ.ative property,

distributive property

MATERIALS: Six cardboard operation machines, flannel board, 25 figures

. for flannel board, yarn or string, 25, counters for each pupil, a

piece of string for each pupil, pupil pages la - 26



36

Activity Commutative properties of addition

and multiplication

Objective:

1
Pupil page 18

,

Children can use the commutative property lor addition ahd

multiplication to determine if a sentence-Is true or false

and to find a missing number.

Teachlnq Procedure:

Draw an addition machine on the board. Ask a pupil to name a pair

of whole numbers, say (5, 8). Wri the numerals for the numbers on

the picture. Say, "I put in the umber 5, 'then the,..number 8." Pre-

tend to turnthe handle Ask, " at number pops out of the machine?"

(13) Draw another addition machine. Get a child to put the same num-

bers in this machine but change the order. (The 8 goes'in first, then
C.

the 5.) Let another child pretend to turn the handle and show the

number that pops out. (13) The board will look like this:

13 13

Say, "You changed the order of the addends, but the same number popped

out. (13) Is this true for every pair of numbers you add?" (Yes)

Let the children try other pairs of numbers. Guide the children to

show this idea in mathematical sentences. For example:

8 + 5 = 5 + 8

Ci*



Repeat the activity with other pairs of whole numbers, if necessary,

and finally lead them to see that for any two whole numbers a and

b:

a +b=b+ a

Remind the children that this is the commutative property of addi-

tion. That is, the sum of two whole numbers is the same no matter in

which order you add them.

Repeat the above activity but use a multiplication machine. In

a similar way lead the children to see that for any two whole numbers

a and b,

'axb=bxa

Remind them that this is a property of multiplication and is called the

commutative property of multiplication.

Let the pupils turn to pupil page 18. Let them. talk about a few

of the exercises. Guide the pupils to see that .you do not have to do

the operations each time to find the missing number. Let them use the

commutative property to find the missing number by inOection. For

example, in 9 + 7 = 7 + b, if b 15,9, the sentence is true. (Commu-

tative property of addition)

After the children have finished the exercises, let them talk about

their answers and look for patterns." Get them to make true sentences

for those sentences that are false. Guide them to use their knowledge

of the properties.
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2_Activity 2: The commutative property

Ob ectives:

I. Children can determine if operations like subtraction, divi-

sion, and firsting have the commutative property.

2. Children can use operation machines to show what it means

for an operation to have the Commutative property.

Materials: six cardboard operation machines

Teaching PrOcedure:

Pupil page 19

4
The purpose of the activity is to help the pupils identify a pro-

perty of operations called the commutative property. Let the pupils

again think about many operations as they use their operation machines.

Use several cardboard operation machines or draw them on the

board as shown below. (Using the * operation is optional.)

11
Z z4Z

x

1r-

Say to the class, "Let us put the same pair of numbers into each

one of these operation machines." j3let a pupil to suggest a parr, such

as (4, 2). Then let the class teil.what numters come out of the

machines% Write the results below the machines:

(4, 2)-46 (4, 2)-42 (4, 2)-48 (4, 2)-1.2 (4, 2)144 (4, 2)'246

Ask, "What happens if we put the.same two nUmbers into the opera-

tion machines, but this time put 2 in first and 4 in second?" Let the

o
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pupils tell what numbers come out of the machines, and write the results

below the others:

(4, 2).166 (4, 2).42 (4, 2)-48 (4, 2)-1,2 (4, 2)-44 (4, 2) 4a

(2, 4).46 (2, 4).4 (2, 0.48 (2, 4) -2. (2, 4)-42 (2, 4)-10

The pupils will tell you that the subtraction machine and the divi-

sion machine will not work when (2, 4) is put into the machines. (4

cannot be subtracted from 2 to give a whole number; 2 cannot be divided

by 4 to give a whole number.)

Ask, "Which machine gives the same number for (2, 4) as for (4, 2)?"

(The addition and multiplication machines give the same number for (2, 4)

as for (4, 2).) Try more pairs in the addition and multiplication machines

to see whether the numbers that pop out are changed when the order of the

humbers of the pair is changed.

(4, 7) --411 (4, 7).428

(7, 4) --toll (7, 4) -.428

Note: We usually write (4, 7)---oll.as the true sentence 4 4, 7 = II

and.(4, 7).428 as the true sentence 4 x 7 = 28.

Let the pupils try many number pairs in this way. Guide them to

tell about the order of'the numbers of a number pair and the addition

and multiplication operations. Encourage them to say something like

this: "The addition operation gives the same number for a pair no

matter which one of the number pair is first." There are many ways to

say this. Accept any statement that gives the idea.
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Explain to the class that they have found something about addi-

tion and multiplication that is always true. They have found a pro-

perty of addition and a property of multiplication. The name of this

property is the commutative property.

Say, "You found that addition and multiplication have the commu-

tative property. Does subtraction have the commutative property?"

(No) Ask a pupil to show this with a subtraction machine. Let him

put in a pair.such as (7, 4) in which the first number is greater than

the second. Guide the pupils to say, "We do not get the same number

for (4, 7) as we do for (7, 4) in the subtraction machine. Subtrac-

tion does not have the commutative property."

In the same way, guide the class to decide that division does

not have the commutative property.

Let them discover that the "firsting" and the "star" operations

"do not have the commutative property. Do this by showing other examples

In which we use pairs written in fwo different orders:

(3, 6).103 (3, 6)-1.0

(6, 3)--1.6 (6, 3)-4,

(Note: * operation is optional. If necessary, look agaIn at some

of the other operations that were used in Activity 3 and let the class

decide whether they are commutative. For example, the triangle opera-

tion does not have the commutative property.

(5, 2)-AL.12 (2, 5)-A-115



(These sentences may also be written 5412162 = 12 and 25 = 15.)

The G operation has the commutative property. For example:

(2, 1)..1.2

(1, 2) G 2

(5, 0) .G.1,5 (7, 6).107

(0, (6, 7).n.7

But the circle dot operation does not have the commutative property.

For example:

4).1..) 010 (4, 3).---111

(These sentences may also be written 3 o 4 = 10 and 40 3 = II.)

Guide the pupils by questions to again say that addition and mul-

tiplication have the commutative property. Let them discuss what this

means. Ask them to use their operation machines to show what it means

for an operation to have the commutative property.

Let the pupils turn to page 19 in their books and talk about the

exercises. Get them to find the numbers that make the first few sen-

tences true. Ask a pupil whether he can find one of the missing num-

bers without adding or multiplying. Let the pupil explain why. For

example, a pupil will say, "I can answer the first exercise without

multiplying the numbers; n is 3. We get the same product when we

multiply 3 and 4 as when we multiply 4 and 3." Or he may say, "I

know n is 3 because 3 x 4 = 4 x 3. Guide the pupils to see that you

do not have to do the operations each time to find the missing number.

Ask the pupils to tell which other sentences can be made true without

adding numbers or multiplying numbers. (Sentences 1, 2, 3, 4, 6, 8, 9, II,

12) Each time, let the pupil explain why he can do this and tell the

number that makes the sentences true. Do not require that he say

"because of the commutative property."



Activity 3: Adding and multiplying three numbers

Oblective:

Children can tell what it means'for an operation to have

the associative property.

Teaching Procedure:

Review the process of adding three addends and multiplying three

factors.

Remind the pupils that addition and multiplication are operations

on pairs of numbers. We always put two numbers In thd operation machine

and get one number out. Ask, "How can we add three numbers if we can

put only two at a time into the addition machine?"

, Let the pupils discuss this, using three numbers 3, 5, 2. Guide

them to decide that two of the'numbers can be added first, and then the

sum can be added to the third. Write this on the board:

(3 + 5) + 2

Let the pupil, tell you that it means 8 + 2, or 10. Ask whether

they could d the addition another way. Guide them to decide that the

second and thi \numbers could be added, and then add the first number

to the sum. Write his on the board:

3 + (5 + 2)

Lot the pupils tell you that this means 3 + 7, or 10. Write this

sentence on the board and let the pupils decide whether it true and why:

+ 5) + 2 = 3 + (5 + 2)
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Repeat this activity with three other numbers. Let the pupils

put the addends in different groups of two numbers to add them. Then

get the pupils to follow the same plan in multiplying the same three

numbers. For example:

4, 6, 2: (4 + 6) + 2 = 10 + 2 = 12

4 + (6 + 2) = 4 + 8 = 12 (4 + 6) + 2 = 4 + (6 + 2)

4, 6, 2: (4 x 6) x 2 = 24 x 2 = 48

4 x (6 >4 2) = 4 x 12 = 48 (4 x 6) x 2 = 4 x (6 x 2)

Repeat for several other sets of three numbers. Use, for example,

2 + 5 + 7; 2 x 5 x 7; 4 + 6 + 5; 4 x 6 x 5; 8 + 2 + 4; 8 x 2 x 4

Ask, "When we add three numbers, do we get the same sum no matter

which two of the numbers wo add first?" (Yes) "When we multiply three

numbers, do we get the same voduct no matter which two of the numbers

we multiply first?" (Yes) "We have found another property of addition

and multiplication. The name we givs to this property is the'associa

tive property."

Let a pupil tell about this property of adding or multiplying three

numbers. Do not re uire the pu ils .o use the word "associative".

Ask whether subtraction has the associative property. Check this

by trying to subtratt three numbers, for example, 8, 4, 2. Let the

pupils subtract ithe first two, then the third:

(8 - 4) - 2

Then subtract the last two, and subtract this number from the first:

8 - (4 - 2)

Ask these questions: "What is (8 - 4) - 2?" (4 - 2 or 2) "What is

8 - (4 - 2)?" (8 - 2 or 6) "Do you get the same number when you sub-

tract these three numbers in different groups of the two numbers?"



(One way we get 2, but the other way we get 6.) "Does subtraction

have the associative property?" (No)

Ask whether division has the associative property. Check with

the three numbers 8, 4, 2. "What is (8 = 4) 2?" (1) "What is

8 = (4 4. 2)?" (4) Does (8 = 4) = 2 equal 8 (4 2)?" (No) "Does

division have the-associative property?" .(No)

Activity 4: Associative properties of addition

and multiplication

Objective:

Pupil page 20

cis

Children can use the associative property for addition and

-multiplication to determine if a sentence is true or false

and to find a missing number.

Teaching Procedure:

Write on the board:

(1) (4 + 3) + 5 = n

ask, "What number n makes the sentence true?" (12)

Then say, "Suppose we group the numbers another way." Write:

(2) 4 + (3 + 5) . n

Say, "The addends in the two sentences are the same numbers but the

parentheses show a different grouping. What number n makes the second

sentence true?" (12) Guide the children to see that they begin by

finding.the number named in the parentheses.

Ask, "Was the sum the same as in the first sentence?" (Yes) (in

both cases it was 12.) Use other examples to decide that no matter

which of the two ways we group three whole numbers the sum is the same.

Say, "If we have any three whole numbers a, 1.05 and c, then:

(a + b) + c = a +..(b + c)."



Remind the children that this is another property of addition. It is

called the associative property.

Ask, "Do you think multiplication has the associative property?

Is this sentence always true for any three whole numbers?"

(a x b) x c = a x (b x c)

Use the same procedure with several other examplLs until the chil-

dren decide that multiplication is associative. Ask the pupils to do

the exercises on pupil page 20. Guide them to use the associative pro-

perty to help them answer the questions and to see that you do not have

to do the operations each time to find .the missing,number.

Actity5: 'Separating arrays ape' wrifing sentences

Objectives:

I. Children can write mathematical sentences for separated

arrays of dots which illustrate the distributive property.

2. Children can separate arrays to represent mathematical

Pupil page 21

sentences which illustrate the distributive property.

Materials: flannel board, 25 figures for flannel board, yarn or string,

25 counters for each pupil, a piece of string for each pupil

Teaching Procedure:

Make a rectangular array on a flannel board such as the array shown

below.

.
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Ask the class to describe this array. Guide them to say that this array

shows 3 x 6. Write on the board 3 x 6.

Separate the array into twe arrays using a string or yarn as shown

below.

I

Ask the class to describe this array. They may say that there are

still 3 rows but now each row has 2 members and 4 members. Write on

the board

3 x (2 + 4).

Ask, "Are 3 x 6 and 3 x (2 + 4) represented by the same number of dots?

(Yes) Therefore, we can write 3 x 6 = 3 x (2 + 4)." Write on the board

3 x 6 = 3 x (2 + 4)

Separate thE array into two arrays as shown below.

0

0

Ask the class to describe the array. (3 x 2 and 3 x 4) Write on the

board

(3 x 2) + (3 x 4)

Ask, "What happens if we put the arrays together? (We'll get the ori-

ginal array.) Are 3 x 6 and (3 x 2) + (3 x 4) represented by the same

array?" (Yes) Write on the board

3 x 6 = (3 x 2) + (3 x 4)
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Ask, "Are 3 x (2 + 4) and (3 x 2) + (3 x 4) represented by the same

number of dots?" (Yes) Write on the board

3 x (2 + 4) = (3 x 2) + (3 x 4)

Continue this activity with other arrays and separate them in

several ways. For example,

'641:\
IMNIIIMMIIMM 101 ORM M11101111Mlemn

.010I

(2 + 2) x 6

(2 x 6)

(2 x 6)

(2 + 2) x 6 = (2 x 6) (2 x 6)

Note: You will observe from the examples that if the multiplier is

on the right (2 + 2) x 6, the array is split horizontally. If the

multiplier is on the left 4 x (4 + 2), the array is split vertically.

14.11-7-

0

*

0

I

I

4 x (4 + 2)

-71\

(4 x 4)

4 x (4 + 2) = (4 x 4) + (4 x 2)

(4 x 2)



Give each pupil 25 counters and a piece of string. Write the

following sentence on the board.

4 x (3 + 2) = kAox 3) + (4 x 2)

46\

Ask, "How many counters do we need to represent this sentence?" (20)

Ask pupils to make a 4 by 5 array. Let them arrange their counter's to

represent 4 x (3 + 2) using string. Then let them arrange their counters

to represent (4 x 3) + (4 x 2).

I

0 I 0
lie !

4 x (3 + 2) (4 x 3) + (4 x 2)

Continue this activity with the following:

4 x (2 + 3) = (4 x 2) + (4 x 3)

3 x (3 + 4) = (3 x 3) + (3 x 4)

Ask the pupils to turn to pupil page 21 and write sentences in

their books for each of the separated arrays of dots.

Activity 6: A pattern in multiplication

OW'ective:

Pupil page 22

Children can write two mathematical sentences for a story

problem which illustrates the distributive property.

Teaching Procedure:

Give the students the following story problem. Peter collects money

on Monday and Tuesday for a boys' club. He collects five cents from 2
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boys on Monday and from three boys on Tuesday. How much does Peter

collect alt(dgether? Let the pupi!s talk about the two ways in which

Peter can count his total collection:

(2x 5)

;

(3 x 5)

Number of cents number .)f cents total

collected on collecled on number of

Monday Tuesday cents collected
-,

or (2 + 3) x 5 = n

number of pupils
who paid on Monday
and Tuesday

number of cents
collected frcAn

each pupil

iotal number
of cents
collected

Let the class decide again 'that these two sentences tell about the same

problem.and the same number makes the sentences true.

Say, "We would like to find a property of multiplication and addi-

tion together. Let us solve more story problems and try to find such a

property." Let the pupil.s turn to page 22 and read the first word prob-

lem. Help them think about the problem and the two mathematical san-
k

tences that tell about the problem. Let the pupils give the two sen-

tences. Then write them on the board as follows:

x 6) (3 x 4)

number of nuts number of nuts

in first box in second box

3

number of
rows

(6 + 4)

number of nuts
in each row

total

number of
nuts

total

number of
nuts

As you point to each part of the sentences, let the pupils tell

what it represents. Let the class decide that these two sentences tell
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the same thing about the problem. Finally, write this scntence:

(3 x 6) + (3 x 4) = 3 x (6 + 4)

Let the pupils decide that it is a true sentence.

Remind the class that the sentence you wrote has both multipli-

cation and addition In it, in a very special way. Let the class give

sentences for the other three problems on page 22. Write them all on
,t

*he board.

I. (3 x 6) + (3 k 4) = 3 x (6 + 4)

2. (2 x 5) + (2 x 5) = 2 x (5 + 5)

3. (5 x 3) + (5 x 4) = 5 x (3 + 4)

4. :2 x 4) + (2 x 5) = 2 )i (4 + 5)

In all\these true" sentences there is a pattern. Let the pupils

discover thelpattern if they can. (If a number is multiplied by the

sum of two alidends, the result is tile same as multiplying the number
!

by each of the two addends and adding the products.)

Activity 7: The distributive property

Objective:
1

Pupil page 23

Children can use the distributive property to determine

if a sentence is true or false and to find a missing

number.

Teaching 'Procedure:

Write the following story problem on the board:

Carl bought 3 cans of biscuits on Monday. He bought 4 cans

Tuesday. Each can contained 5 biscuits. How many bis-

cuits did Carl buy on Monday and Tuesday together?



Let the pupils talk about the story problem. Ask, "How many biscuits

did Carl buy on Monday? (15) How do you know it is I5?" The chil-

dren may say something like, "There are 5 biscuits in each can. Carl

bought 3 cans. He bought 3 x 5 or 15 biscuits." Guide them to find

in a similar w'ay the number of biscuits Carl bought on Tuesday. (4 x 5)

Ask, "How many biscuits did Carl buy altogethor?" Help them to make

the sentence:

n =.(3 x 5) + (4 x 5)

Let the children say what number n is. (35)

Ask, "Can you think of riother way of finding how many biscuits

Cart bought?" Help the pupils by asking questions such as, "How many

cans did Carl buy altogether? (3 + 4 or 7) How many biscuits were in

each of these cans?" (5) Guide them to write:

n = (3 + 4) x 5

Help the children discover that in both sentences n is the same num-

ber. Guide them to write:

(3 + 4) x 5 = (3 x 5) + (4 x 5)

Draw a rectangular array to show the sentence:

(3 + 4) X 5

Write on the board:

(3 x 5) + (4 x 5)

3 x (5 + 2) = (3 x 5) + (3 x 2)
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Ask, "Is this sentence true?" (Yes) Let the children tell why. Do

other similar examples until the children are convinced that for any

three whole numbers, 21., 12) 2)

a x (b + c) = (a x b) + (a X c)

Remind the pupils that this is called the distributive property

of multiplipation over addition. We also'say that multiplication 1,s

distributlYe over addition.

Let the children do the exercises on pupil page 23. Guide themJto use the distributive property in working out the exercises. For

example, in Exercise 1 they will see by the distributive property that

a is 8 without doing the operations.

Activity 8: Properties of 0 and 1

Ob'ectives:

Pur5i1 page 24

I. Children can identify the identity properties of 0 and of

1 when they are used.

2. Children can use the identity properties of 0 and of 1 to

find a missing number.

Teaching Procedure:

Revie these addition facts:

.0 + 1 = 1; 0 + 2 = 2; 0 + 3 = 3; 4 + 0 = 4; 0 + 5 = 5;

6 + 0 = 6; and so on.

Write these sentences on the board and ask what number makes them

true

0 + 732 = n a + 350 = 350

The pupils will say that n is 732 and a is 0. You and the pupils write

and solve other sentences with 0 as an addend.
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Ask, "When a number and 0 are added, what is the sum?" (The sum

is the same as the number.) Ask what number makes these sentences true:

0 + x = x x + 0 = x

Many numbers will be named. Let the class decide that the sentences

are true for each of the numbers. Guide the pupils to say that 0 + x = x

is true no matter what number x is. Say, "We have found a property of

the number 0. When 0 is an addend, the sum is always the other addend."

Now review these multiplication facts:

1 x 0 = 0; 1 x 1 = I; I x 2 = 2; I x 3 = 3; 4 x 1 = 4;

,5 x I = 5; 1 x 6 = 6; and so on.

Let the pupils write other multiplication sentences using the

factor I.

Ask the class to tell yotil a property of the number I. If no one

can do this, ask for the number that makes these sentences true:

1 x 312 = n b x 350 = 350

The pupils will say that n is 312 and bis I. You and the pupils write

and solve other sentences with 1 as a factor.

Ask, "When a number and 1 are multiplied what is the product?"

(The product is the same as the number.) Ask, "What number makes these

sentences true?"

1 xy=y yxl=y

The class will decide th t the sentences are true no matter what number y

Is. Say, "We have found a\property of the number I. If I is a factor,

the product is always the same as the other factor."

64



Ask the children to turn to pupil page 24 and answer the questions

in their books. Read over the questions with the class. lin exercises

7 to 12 ask the pupils to decide what numbers make the sentences true.

Activity 9.: Properties of zero and one

Ob ective:

Pupil pages 25, 26

Children can use the commutative, associative, and identity

properties for addition and multiplication and the distri-

butive property to determine if a sentence is true or faI5e

and to find a missing number.

TeachTng Procedure:

Draw an operati,op machine for.addition on the board with m and n

as the ordered pair of numbers put into the machine. (See diagram

below.)

Say, "Let us choose any number m. Imagine that same number m is assigned

by addition to the ordered pair of numbers (m, n). Do we then know

what number n is?" If no one can tell, suggest that they try a number

for m and see what n must be. If a child says, "Let m be 5", then

5 is assigned to the pair (5, n). Ask someone to show a sentence for

this:

5+n= 5
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Let children suggest other numbers and write the resulting sentences.

Continue until there are four or five examples, such as:

5 + n = 5, 8 +.n = 8, 3 + n = 3, 19 + n = 19

Ask, "What number n makes these sentences true?" They should see

that n is 0 in each sentence. Guide the children to say, "When 0 is

added to a number, the sum is that number." Tell them this is called

the identity property of zero. Ask, "If 0 is an addend what can you

say about the sum?" (It is the other addend.)

Put several sentences on the board to illustrate the identity

property of zero.

32 + 0 = a n = 195 + 0 513 + 0 = s

17 + 0 = x 0 + c = 62 m = 0 + 12

Let the children tell what numbers make the sentences true.

Draw a multiplication machine on the board and say, "Here is

another operation machine. It is a multiplication machine. When you

put in the pair of numbers (m, n), m comes out. What number do you

think n is? Try a few examples and see."

Again, let us suggest different numbers for m. If a child says "eleven",

then pretend to turn the handle and write "11" as the number assigned to

(II, n). Let the child write a sentence to show this:

II x n = 11



s.
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After a few more examples ask, "What number is n? (One) This is called

the identity property of one. What is the property of one? (When any

number and I are multiplied the product is the same as the number.) You

can say this another way. If 1 is a fac,*or, then the product is the

same as the other factor."

Write several sentences to illustrate the multiplication property

of one. Let the children tell what numbers make +he sentences true:

19x1=.n 43x1=m r= lx613

m=1 x 367 930 x 1 = W s = 20 x 1

Let the pupils turn to page 25 and decide which sentences are

true. Ask pupils if they can decide which sentences are true without

working them out. Guide pupils to look for patterns itlustrating pro-

perties and patterns not illustrating properties to decide which sen-

tences are.true.

Let the pupils decide what numbers make the sentences true in the

exercises on page 26. Remind the children that many times they do not

have to do the operltions to find the T4ss1ng number. Let.them tell

how they found their answers.
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UNIT ES

Geometry

4

OBJECTIVES:

1. To review the use of the words "beside", "to the right of",

"to the left of", "between".

2: To .review the use of the words "Inside", "outside".

3. To introduce the concepts of point, line segment, and end-

point.

4. To introduce trte idea of a simple closed curve.

5. To introduce the notion of extending a line segment to a

line and to a ray.
c,

6. To introduce the ideas of plane region and polygonal regton.

7. To introduce the idea of angle.

8. To introduce the idea of intersection of lines with lines

and planes with lines.

9. To extend the ideas of angle, triangle, and polygon.

BACKGROUND INFORMATION FOR TEACHER:

This unit Is designed to give the pupils pleasure while discovering

and experimenting with geometric concepts.

In this unit the ideas of potnts, space, line segment, end-points,

rays, planes, regions, angles, polygpns, and paths wtll be tntroduced.

Relations such as between, beside, above, on, and tnstde are studied

as "nearby relations". (They are called "nearby" because they are re-
-,

lations between objects which are usually near each,other.1
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The word "point" in the dictIonary, is defined by other words.

One of tho words used in the definition, If also looked up, will be

defined by "point" or some other word previously used.

In mathematics some words are not defined, such as "potnt" and

Ninety.. However, other words. In mathematics are detned using such

words as 'set", "point", and "Ilne".

Pupils give meaning to these words from the descrtptions that are

supplied them. For example, a point Is described as an exact loca-

tion. A point cannot be seen or felt and has no size. Note tbat this

ls a description of a point, not a definition.

A small dot may be used to picture a point; the smaller the dot

the better the picture. Under a microscope, however, evr1 a sman dot

can be seen to cover many locations.

We think of a point as denoting a fixed location. For example,

thipoint indicated by the corner.of a desk would remain unchanged even

though the desk were moved, only now it is no longer represented by the

corner of the desk.

The tip of a pin would represent a point. If the pin were moved,

the point would remain--the location Is fixed but the tip that repre-

sented it was moved.

A string, whether held loosely or stretched tightly, shows a geo-

metric figure. The name "curve" is given to all figures shown on a

string. A curve can 3 thought of as the path (whether "straight" or

not) traced in going from one location to another.
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Other examples are a "curve" drawn on a sheet of paper, a route

taken from one city to another, telephone wires between two poles, etc.

.

Thus we see that a curye contains more points than we can count.

A special curve represented by a string stretched tightly between

two points, say A and,B, is called a line segment, denoted AB, or

A
EIA, . Another line segment is represented by the edge

of a desk, Or by a path drawn with a pencil and ruler connecting the end-

points of the line segment. If the string is removed, the, line segment

remains since the string only represented a set of locaticms.

_,--7
A line may be thought of as an extension of a line segment ip-both----/-

%

A
directions. A line is shown denoted AB or BA wittrarrows

showing that the line is considered be extended infinitely.,

A
A Lay, denoted BA,44"-------4, is defined as that part of a line con-

sisting of a point called the end-point, and all points of the line in

one direction from the end-poInt. Cur example shows a ray with end-

point B and the part of the line to the left of B. A flashlight may be

used to help students visualize a ray; the rays of light emanate from

the source which would correspond to the end-point. Note that the first

letter mentioned denotes the end-point.

We now return to the concept of curve and we will restrict our dis-

cussion to curves in a plane. A curve may be represented by a set of

points traced without lifting the pencil from the paper.

Thus we see that line segments, lines, and rays are all curves. In

a simple closed curve, it Is possible to start at any point, trace the

entire path without lifting the pencil and come back to the starting

point without intersecting (or touching) the curve.
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Thus, a circle, a triangle, and a square are good illustrations of

a slolple closed curve. Each of these, in a plane (flar) surface, has

what might be called an inside and an outside. Indeed, for any simple

closed curve in the plane, thr'ee sets are distinguished: the inside

of the curve, the outside qf the curve, and the curve itself. The

points of the curve are neither on the outside nor the inside. The

union of the set of points of a simple closed curve and the set of

points in the interior of the curve is called a plane region. The top

of a desk would represent a plane region and so would the floor in the

classroom, the bottom of a waste-paper basket, a wall surface, the sur-

face of a window-pane, etc.

A triangle is a simple closed curve which is the union of three

line segments. The three segments are the sides of the triangle. A

quadrilateral is a simple closed curve which is the union of four line

segments no two of which are on the same line. The four segments are

the sides of the quadrilateral.

In everyday conversation, we often use words like "circle", "tri-

angle", and "rectangle" in two ways. They sometimes are used to mean

a plane simple closed curve and sometimes are used to mean a plane re-

gion, the curve together with its inside. For example, people say that

the rim of a wheel and the top of a tin can both represent circles.

However, the rim of a wheel represents a circld, while the top of a can

represents the region bounded by a circle.

1.

60



In this book, "circle", "triangle", and "rectangle" will refer to

the curves. We will say "circular region", "triangular region", and

"rectangular region" when we refer to the regions. In summary, names of

plane figures usually refer to the curves, not the plane regions.

An angle is defined as the union of two rays which are not on the

same line, and have the same end-point, called the vertex.

Intersection's of streets, corners of boxes and buildings, knife

cuts in cheese, and folds and wrinkles in paper are examples of the

geometric idea of intersection of figures. In geometry, a place where

two figures meet is sometimes a point. The point lies on both figures.

Thus, we say the figures have the point in common. In some cases, two

figures meet at more than one point. The figures shown by the inter-,

section of the floor and a wall of a room have a line segment in common;

they intersect in a line segment. A circle and a line may intersect in

two points or one point or no points. A triangle and a line may inter-

sect in no points, one point, two points, or In a line segment. Pictures

of these intersections are shown below.
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This ilYnt11-e unit should be taught with the objective in mind that

the students have-"fun trying out the activities suggested. The student
%

should be encouraged to do much free-hand drawing of lines and circles

as the class discussion centers around these ideas. The student should

not feel that he must draw lines with a straight-edge in order to under-

stand the notions presented. If the students have difficulty in draw-

ing circles then they may draw triangles for some of the activities that

involve simple closed curves.

The students should be given every opportunity possible to explore

the notions suggested before generalizations are made. The students

should also be given opportunity to verbalize their ideas; they should be

encouraged, even urgedto talk about what they think about the ideas.

The teacher should not expect that formal, precise language be used, but

that the students have the opportunity to discuss their ideas about geo-

metry as they 'see it. As the discussions progress, students wj II be able

to sharpen their perceptions by comparing them to those of their class-

mates..

o- GEO ET:l 0:

OBJECTIVES:

I. To provide interesting objects that demonstrate geometric

figures.

2. To review the use of the words: "beside", "to the right of",

"to the left of", "between", "inside", and "outside".

VOCABULARY: beside, to the right of, to the left of, between, above,

below, on, inside, outside, curve
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SYMBOLS: None

MATERIALS: ball, box, pencil, bottle top rock; pupil pages 27 - 29

Activity I: (Oral) Collecting objects that represent geometric

figures

Ob ective:

Children can collect objects which show the following

figures: points, line segments, angles, right angles,

triangles, circles, circular regions, rectangles, rec-

tangular regions, squares, 4-sided figures with no right

angle, 5-sided figures, and regions.

Teaching Procedure:

Let the pupils help you collect, make, and identify different geo-

metric shapes. Many things which suggest shapes are in the classroom

or can be obtained easily. The children may volunteer to bring some

things from home. Bring some of the objects yourself, and have mater-

ials available for making some others.

Collect objects that show the following figures: points, line

segments, angles, right angles, triangles, triangles with two sides

of same length, right triangles, circles, circular regions or discs,

rectangles, squares, four-sided figures with no right angles, five-

sided figures and regions, etc.

Listed on the following page are some objects that show these

shapes. You will think of other objects. You and the children collect

or make as many of these objects as you think desirable.
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1. Points are shown by dots on the board, tips of corners of

books, ends of sharpened pencils, ends of pins, pin holes

in paper, intersections of folds in paper.

2. Line segments are shown by edges of books, stretched strings

and rubber bands, straight sticks, pencils, grass, straw,

some shadows, folds in paper, edges of wooden board, chalk

and pencil traces of straight edges.

3. Lines are imagined as the extensions of line segments shown

by objects like those listed above. The extensions are

indicated by drawing arrowheads on the ends of pictures of

line segments.

4. Angles are shown by corners of objects; right angles are shown

by square corners.

5. Triangles, four-sided figures, squares, rectangles, and circles

are shown by string, by bent wire, by sticks fastened together,

by the edges of cutouts, by drawings on the board.

Pupils may enjoy making a flannel board display of the above (points,

line segments, lines, angles, triangles, four-sided figures squares

rectangles, and circles) by using yarn and felt scraps. IT may be a

continuing activity, growing as new geometric ideas are introduced, such

as rays, curves, intersections.

Activity 2: Using the words "beside", "to the

right of", "to the left of", and "between"

PuPi 1 pages 27, 28



Objective:

Given a picture showing a series of objects, children can

identify their placement in'the picture using terms as to

the right of, to the left of beside, between, above, and

below.

Materials: ball, box, pencil, bottle top

Teaching Procedure:

Get the pupils to show their right hands and then their left hands.

Help those who do not show the proper hands to decide which hands are

right hands and which are left hands.

Say, "I am going to tell you about John and Bob. John went look-

ing for his friend Bob. Bob lived in a house beside a tree." Draw a

house with a tree beside it on the board.

"John called to Bob, 'Come out and play.' Bob came out of the house

nd stood beside the house. The house was between Bob and the tree."

Draw a picture of Bob like this:
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"John called, 'Bob, I can see you to the right of your house. The

house is between you and the tree. The tree is to the left of

your houset."

Let the children be John and Bob and go through the story; Let

John tell about where Bob is standing. Let Bob say things like, Ny

house is to the right of me. The tree is to the right of me."

Place a box and a ball on a table at the front of the room. Ask

a child to place the ball to the left of the box. Say, "The ball is

beside the box. The ball is to the left of the box. Say, "The box is

to the right of the ball." Ask a child, "Where is the ball?" (The

ball is beside the box; the ball is to the left of the box.) Ask a

child to face the class from the other side of the table. Ask, "Where

is the ball?" (To the right of the box.)

Let the pupils discuss the fact that the hall is to the right of

the box for the child facing the class and to the left of the box fO;71

the other children in the room. Let children go to the front of the

room, face the class, and decide whether this is true.

Give a child a pencil, and ask him to put the pencil to the right

of the box. Give another child a bottle top and ask him to put it to

the right of the pencil.

Ball Box
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Let the pupils tell you the location of the pencil. For example,

they may say, "The pwcil is between the ox and the bottle top. The

pencil is to the left of the bottle The pencil is to the right

of the box and to the right of the ball."

Ask a child to face the class as he stands on the other side of

the table. Ask him to tell where the pencil is. .1-le will say, among

other things, "The pencil is to the right of the bottle top. The pen-

cil,is to the left of the box. The,pencil is to the left of the ball."

Let the pupils taft about why their statements are Oifferent. Get

several pupils to make the statement, "The pencil is to the right of

the box." Then let them move to the other side of the table and say,

"The pencil is to the left of the box.:

Repeat this activity, with the pupils talking about the location of

the other objects on the table.

Let each pupil place his book and a pencil on his desk. Say things

like, "Put your right hand to the right of the book. Put your right

hand between the pencil and the book. Put your left hand to the left of

the pencii. Put your left hand to the right of the book." Move about

the room as you say these thidgs, helping children who need help. Let

some of the children give similar directions to the class.

Tell the pupilS to look at pupil page 27. Ask a child to read tRi

first setence in exercise I and tell whether the sentence is a true

sentence r a false sentence. Let the class decide whether his answer

is correct. Ask other children to read sentences and tell whether they

are true or fa4e sentences. If a sentence is false, ask the child to
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make a true sentence. After all the sentences are read, say, "Make other

statements like these about the rectangle, circle, and triangle."
9

Tell the pupils to read the sentences in Exercise 2. Ask a child,

"What word do you put in the blank in the first sentence to make it

true?" Let him read;his sentence. Ask the other children to decide

whether the sentencr is true. Ask similar questions for the other sen-

tences.

'Tell the puplils to look at the number line in Exercise 3. You make

some statements about the numerals on the number line using the words

"beside", "between", "to the right of", and "to the left of". Then ask

the children to make other statements about the numerals.

If the pupils already understand the ideas of this activity or if

they learn them very quickly, shorten or omit several of the suggested

activities. HaNzver, be sure to let the pupils use the ideasiwith thp

number line of Exercise 3 on page 27.

Say, "Hold your right hand above your head. Place your left hand

below the top of the desk." If all the pupils do this correctly, they

understand "above" and "below", and this activity is then very short,

Tell the children todo a few other things, such as the ones liSted

below. You will think of others.

Hold a pencil below your book; hold your book below your°

pencil.

Place your r'ight hand below your left htnd.

Put your book above your left hand; place your right hand

below your book.

Tell the pupils to look at Exercise 1 on page 28. Ask questions

Jike, "Is the triangle above the square?" (Yes) "Is the circle below



the triangle?" (Yes) Let the children say other things about these fig-

ures, using "ahove", "below", and "between". IF

Ask similar questions about the numerals on the number line in Exer-

\ cise 2 on pupil page 28. Ask, for example, "Is .tte numeral 3 above the

;

numeral I? Is the numeral 4 between the numeral 5 and the'numeral 2?"

\
Get the pupils to make complete statements when they answer. Let them

ask other,questions.

Ask the pupils to look at Exercise 3. Let them describe the loca-

\tion of the barn, bird, plane, and cloud in relation, to each other using

the words "above", "below", or "between". (Continue with activities of the

following type.) Draw this figure on the board: Ask, "Is there a point

on the board between A and C and also between B and D? How would you

\find it? Is the point inside the square or outside the square?"

Ans.

A

Consider a triangle and a point P inside and ai point Q outside the

tria"le as indicated. Is there a point of the triangle between P and
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Q? (Yes) Can you find two points of the triangle between points P and

Q? (No)

Ans.

Point R is the only point of the triangle

that is between P and Q. (Points like

S are points of the triangular region

which are between P and Q.)

Activity 3: Extending the use of "inside and

"outside" (oral)

Ob'ective:

Pupil page 29

Given a picture showing a series of figures one within

another, children can identify their placement using such

terms as: inside, outside.

Materials: box, rock, pencil

Teaching Procedure:

Say, "Name something you see inside this classroom. Name something

cutside the classroom." (John is inside the classroom. John's mother is

outside the classroom. The tree is outside. The table is inside.) Con-

tinue until many of the children use the words.

Place a rock inside a box. Put a lid on the box. Put the box on a

table beside a pencil. Write on the board, "The rock is inside the box.
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The pencil is outside the box." Ask a pupil to read the sentences. Make

sure the pupils can read and know the meaning of each word.

Tell the pupils to 1-Jok at page 29, Exercise I. Ask a child to

read the sentences. Ash another child whether they are true sentences.

Tell the pupils to look at Exercise 2. Ask ajthHd to read the sen-

tences and put the words in the blanks to make true sentences. (The

circle is inside the square, and so on.) Tell the pupils to look at Exer-

cise 3. Ask them to make statem9nts about the figures, using the words

"inside" and "outside". Guide them to ind-'yde statements like "The square
4(

is inside the circle. The square is outgide the triangle." Let the pupils

make similar statements about the figures in Exercise 4. An arrow and a

cross and two points,. M and L, Nave been included for variety.

TOPIC I): POINTS AND CURVES

OBJECTIVES:

I. To introduce the concept of point.

2. To introduce the concept of a simple closed curve.

VOCABULARY: points, curves

MATERIALS: none; pupil pages - none

Activity 1: (Oral) Points

Objective:

Children can describe a point as a location in space.

.Teaching Procedure:

The children may be asked to answer the following questions: What

is a point? Is it the tip of your pencil? Is it the sharp tip of a pin?



Is it a dot made with a pencil on your papor? Is it a dot on your

paper made with a crayon? (Have students draw the dots with the pen-

cil and crayon.) Is it a dot on tne board made with chalk? with a

pencil? No, none of these. Dots are used to help us think of points.

We use a letter to name the point. Thus we have points

. A

. C

Show some dots on the board named B, C.

In geometry, we think of a point as an exact location. A point

,Annot be seen or felt. It is so small it has no size. How can we see

germs? If we were to see a germ under a microscope, it would appear..

very large and cover many locations. Any object, not matter how small,

covers many locations and is not a point, only a picture of a point--

such a5 a dot.

Hold your oencil over your desk with the eraser tip down. Ask,

"Could the eraser tip .i.t.sow a point? (Yes) Could the sharpened tip show

a point?" (Yes) Move the sharp tip of ihe pencil to'anbther place on

the desk. Tell the studer'l "I am now indicating another point, a dif- ,

ferent location."

Suppose we have three points anc we wish to name them points P, 9, R.

Capital letters are ucyally used to name points. Can you describe a set

pf four points in your room? Answers will vary, and they might suggest

something like four corners on the top of their desks, the four points

where their chair touches the floor, etc.
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Many interesting ideas can be formed using sets of points.

Draw the following dots on the board and ask the children which of

these points shows the best picture of a point. Why?

Ask the child-en how many points a dot drawn with a pencil on a

piece of paper covers. Have them draw a dot on their paper. Does it

cover one point, several points, a thousand, more than we can count?

(More than we can count.)

What describes a point best? A chalk mark on the board, a dot made'

with a v9cy sharp pencil, a dot made with a sharp pin, or an exact loca-

\,

'tion in spaCe?

Activity 2: (Oral) Curves and points

Objective:

Children, can identify a curive as a path.

Teaching Procedure:
,

Tell a story like this: "Once upon a time there was a 1:ttle ant, named

Speedy, who wanted to see the world.. He said good-bye to all his friends

and startAd out over the flat ground. After a while he came to a rock. He

thought, 'I will not climb over/this rock. I will turn to the right.'

Soon he met his friend Quickfoot. They touched feelers. am going to

see the world,' said Speedy. 'The world is big,' replied Quickfoot.

.Speedy went on."

Say, "Let us draw,a picture of Speedy's path. Where did he start and

where did he go?" .Let the children tell you what happened. Draw a picture



like this on the board:

Say, "A shows the ant hill where Speedy started. R shows the rock. Q

shows the place where he met his friend Quickfoot. Our picture is not

his real path. We call the picture of a path a .curve. Our picture shows

a curve. Pictures of places along the path, like R and Q, we call points.

The picture of Speedy's path contains line segments AR and RQ."

Go on with the story. "Speedy next met a beetle. Speedy was afraid

of the beetle, so he turned to the right again. A little farther on he

met a scout from the apt hill. 'Speedy, what are you doing so far from

home?' ask3d the scout. 'I am going to see the world,' Speedy replied.

'Find good things,' said the scout, laud you may be a scout some day.'

Speedy soon found a big pile of very tasty young grass. He thought, 'We

have not had tasty grass like this to eat for a long, long time. I must

tell the other ants.' He took a ptece in his mouth and started home by

turning right again. He met three friends, Happy, Fairy, and Muddy. Tct,

each he said, 'Look at the very good grass I found.' Muddy ran on ahead.

He called to the other ants at the ant hill. 'Here comes Speedy. He has

found a pile of fresh new grass.' The other ants ran to Speedy. They

asked, 'Where is the grass?' Speedy told them. Soon the ants had eaten

all the tasty grass they could eat. The Lhief of the ants sent for Speedy

and said, 'Thank you, Speedy, for finding the delicious grass for us. You

are now one of our Chief Scouts.' Speedy was very happy to be a scout."

74



While telling the story, draw the picture of Speedy's path to look

like this:

A

Let the pupils talk about the picture. Get them to put their fingers on

the points and say things like, "At point S, Speedy met the scout. At

point G, he found the tasty grass. At point R, he came to the rock."

Say, "In the picture, points show places."

Go on. "The paths that Scout Speedy took were over a flat field. As

he did his scouting, he found many things. One day he found a leaf, a

piece of wire, a dog, and a tree." Mark points to show the places where

Speedy found these things, as shown in the picture below.

Say, "Points L, W, D, and T show the places where Scout Speedy found the

leaf, the piece of wire, the dog, and the tree. Speedy's path is called

a curve. We say that point F is on the curve, point D is inside the curve,

and point W is outside the curve." Ask questions like, "Is point H on

the curve? Is point G inside the curve? Is point W inside the curve?

Point L? Point A?" If an answer is "No", ask pupils where the point is.

Let them tell where other points are; for example, points S, T, and R.



Say, "The curve showing Speedy's first path is a rectangle. One

day Speedy's path was different. It was like this."

Mark some points on, inside, and outside this curve. Ask questions like,

"Is this point inside the curve? Is this point outside the curve? Is

this point on the curve?" Let pupils mark some points and tell where

they are.

E_SEGM_ E AND RA 'S

OBJECTIVES:

I. To introduce the notion of extending a line segment to a

line and to a ray.

2. To extend the idea that the number of points on a line

segment is infinite.

VOCABULARY: line segment, end-point, ray, line

MATERIALS: I piece of string (about 2 feet long); I brightly colored

piece of paper; I piece of paper for each child; a flashlight;

one 30- or 40-foot string; pupil page 30
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Activity 1) (Oral) Line segments and end-poin s

Ob'ectives:

I. Children can draw a picture of a line segment.

2. Children can identify a line segment as a special type of

curve which happens to be straight.

3. Children can identify the points at either end of a line

segment as endpoints.

Materials: a piece of string, I brightly colored piece of paper, I piece

of paper for each child

Teachin9 Procedure:

Point to objects that have edges that are straight, such as tables,

books, paper, and walls. Run your finger along the edges that are

straight and say, "This is a straight edge." Hold a string stretched

tightly between your hands and say, "This is straight. We use a

stretched s'Ting to see if an edge is straight." Hold the stretched

string along some edges to test their straightness.

Trace some of the straight edges on the board. Tell the pupils

that when a straight edge is traced on the board, or on paper, "We drew

a line segment." Let a few of the children trace straight edges on the

board and ask them what figure they have drawn. (Line segment) Test

these for straightness with a stretched string.

Ask the children to find some objects on their desks that have

straight edges. Let them trace these on their paper3. Ask them to say,

"This is a line segment."
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Cut out a brightly colored piece of paper in a shape something like

this, but larger.

Put two dots on it as in the diagram. Ask the children to trace dif-

ferent paths in order to go from A to B. The children may follow a

path that touches the paper only on A and B. How many paths are there?

(More than we could count) Which path is the most direct to get from

A to B? This direct path shows a special type of curve called a line

segment. A line segment is a set of points. It is the set of points

that were marked as we moved from A to B. It also includes the points

A and B. We sometimes show line segments like this: AB. One of the

best ways to show a line segment is to draw a picture of one using a ruler

and a pencil and using dots at the end to show points A and B. Points

A and B are called the end-points because the line segment ends at points

A and B.

Have the students fold a piece of paper to make a straight edge. Say,

"I do mot have a square corner. I have one straight edge." Run your

finger along the straight edge and ask, "What is this?" (A straight edge.)

Trace the straight edge on the board and ask, "What have 1 drawn?" (A

line segment.)
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Ask, "Does the straight edge have corners?" Let the children talk

about this. Try to get them to say that at each end of the paper straight

edge there is a corner and the corner has a tip. Hold the paper straight

edge in position against the line segment, put your finger at one end of

the straight edge, and ask, "Can I draw a picture of the tip of this cor-

ner?" Draw this dot.

Remove the paper and repeat for the other corner. Say, "I have drawn

ra picture of the straight edge and a picture of each corner tip." Run

your finger along the iine segment and ask, "What is this?" (A line seg-

ment.) Point to each dot, say, "At this end of our line segment is a

." Get the children to ,say the word "point". Repeat for

the other ;ire Say, "At each end of our line segment there is a point."

Repeat the above, tracing the edge of a book. Say, "When we draw a

line segment it has a point at each end. These points have names. They

are called of line segments. (end-points)

Let the children in turn,, choose objects with straight edges and

trace the edges on the board. Ask them what they have drawn. (Line seg-

ments) Ask them what are the ends of their line segments. (End-points)

Have them draw these points.

Activity 2: (Oral) Other points on a line segment

Ob'ective:

Children can mark many points on a line segment.

Teaching Procedure:

Using the paper straight-edge you used in Activity I, draw a line

segment on the board. Draw its end-points. Say, .7.-6 you point, "This

line segment has two end-points, one here and one here." Holding the



paper in place on the board, fold it over to make a square corner. The

children will see this:

Point to the square corner and ask if it has a tip. Say, "I am drawing

a picture of the tip. Draw the picture,.making a dot that is on the line

segment. Ask, "What is the dot?" (It is a picture of the tip of the

square corner. It is a point.)' "Is it on the line segment or off the

line segment?" (On) "Is it one of the end-points of the line segment?"

(No)

Ask, "How many points have we ma/ked on the line segment?" (Three)

Label the points A, B, C. "What can we say about point C? (It is

between points A and B.)

Unfold the square corner and ask, "Can 1 mark any more points on

the line segment?" (Yes. Make a different square corner with the

paper.) Fold the paper over to make a square corner at a different
1

(

place on the paper straight-edge.

Draw the picture of the tip of this corner. Say, "This dot gi-yes

another point on the line segment. How many.points have we marked on the

line segment now?" (Four) Label the point D. What can you say about

these points? -he figure could now look like this:

D C

A
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Ask, "What can you say about point D? C? (Point D is between A

and C and also between A and B. Point C is between D and B and also

between A and B.) Ask, "Can you find any more points on the line seg-

ment?" (Yes) Let the children draw several more points. Let them

talk about how many points they could mark on the line. (More than we

could count.)

Let the children discuss the idea of betweeness of the points

they locate. They may even generalize that between any two points on

the line segment another point may be found.

Activity 3: Extending a line segment to line

and rays

Ob'ectives:

I. Children can indicate a ray by extending a line segment in

one direction, shown by an arrowhead.

2. Children can indicate a line by extending a line segment

in both directions, shown by arrowheads at the extremities.

3. Children can mark many points on a line.

4. Children can indicate that there are more points on the

line than can be marked or counted.

Materials: I 30- or 40-foot string; I flashlight

Teaching Procedure:

Draw a line segment on the board and name the two end-points. Use

a book or similar object to trace the line segment.

Pupil page 30'

A
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Say, "This is the line segment AB. It is a curve. It has two end-

points, A and B."

Ask, "Can you make a line segment longer than AB?" Help a child

place a long straight-edge or a yardstrick along the line segment AB

like this:

A

Draw a line segment along the straight-edge to a point marked E.

4

Say, "We had the line segment AB. Now we have a new line segment AE.

The line segment AB was extended to make the line segment AE." Ask,

"Is the point B an end-point of line segment AE?" (No) Ask, "Is

point B on line segment AE?" (Yes)

As you hold the straight-edge as shown below, ask, "Can we draw a

line segment longer than line segment AE?" (Yes)

A

Help a child draw line segment AF.

A
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Extend the line segment several more times, almost to the edge of the

board. Let the pupils talk about each extension. Get them to say,

"The board is not long enough for any m6re extension. lf the board were

longer, the line segment could be extended on and on." Show this pos-

sible extension by putting an arrowh d on the right end of the segment.

Guide the children to talk about hat the arrowhead means.

A

The line was extended in only one direction; the new figure formed

by extending a line segment in one direction only is called a ray; it

has coly one end-point. A ray is denoted by re,' where A is the end-

point and B is any other point on the extended line segment.

At this point a flashlight c8nbeskised to demonstrate the notion

of a ray. Ask the students, "How is this flashlight (turned on) like a

ray?"

Let the pupils discuss whether the line segment can be extended to

the left. Get them to decide that it can be extended to the left as far

as they please. Let a child show this. (He should draw an arrowhead on

the left end of the line.)

A B E

E4-4

Say things like, "We can imagine the line segment is a magic string.

It can be stretched and stretched. The magic string is stretched to the

tree outside and then to the rock and then on and on."
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Say, as you point to line segment AB, "This figure is a line segment.

We imagine it extends on and on as far as we please'in both djrections.
111-^".

We drew arrowheads to show this." Point to line AG and say, "We call this

figure a line."

Ask questions and make statements that get the pupils to say things

like, "Points B and E are on the line. Point F is between points A and

G. Point E is to the left of point F."

A line, which extends as far as we please in both directions, is

named by giving:two points on it. For example, the line AB is also

named AE. It i the same line as line AF and line BG. We may also give

it other names.,

Draw another line on the board as shown below. Mark pNnts R and S.

Ask a pupil, "can you mark another point on the line RS?" Let him mark

a point and name it with his own first initial. Ask, "Can another point

be marked on line RS?" Let another pup,il mark his point. Let several

pupils mark poInts. Guide them to say that every pupil in the class can

mark a point. Ask, "Could each of you mark two points?" (Yes) "Could

all these poinis be different?" (Yes) (It may be necessary to say tOat

the smaller thel chalk mark is made the better the point is shown.) Help
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the pupils understand that they can mark as many points as they please on

the lino and then more.

On the board draw a line segment about a foot long. Take a 30- 8r

40-foot length of string. Tell the pupils you are going to show the exten-

sion of the line segment. Hold a part of the string along the line seg-

ment with your hands at the end-points of the line segment. Then hold a

longer part of the string along the line segment. Guide 14 children to

say, "Yclur arms are not long enough." Ask two pupils to hold the string

along tpe line segment, holding longer and longer parts between them. Let

I

the ctwydren decide they could go on and on extending the line segment if
\'f

*the string were longer and longer.

Ask the pupils to imagine a line segment made of magic rubber. Imagine

two magic birds each taking an end-point in his beak and flying away for-

ever in opposite directions. Let the pupils talk about,' the rubber stretch-

ing and stretching to show a line.

Tell the pupils to look at pupil page 30. Tell them to hold a string

aloti line segment AB. Then let them imagine holding longer and longer

parts of the string along AB. Tell them, "Imagine your string is very long.

What will it show? (A line) How far would the line go?" Let the pupils

use their imaginations and talk about the line going on and on.

Ask the pupils to place a small dot on the line LM. Tell them the

dot represents a point. Then let them place another small dot on the line.

Then another small dot. Ask, "If the dots were very small, how many could

be put on the line?", The children may begin by saying "5", then "10" and

then larger and :arger numbers. Some child may finally say something like,

"As many as I want and then more and more." This is the idea this activity

should develop.
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Summarize the differences between line segment, ray, and line.

Ask, "How are a line segment, a ray, and a line alike? How would you

show a line segment on a paper? A ray? A line? (Let the children

draw them as you discuss.) "How is a line segment different from a

ray? (Line segment has two end-points and a ray has only one.) A

ray and a line? (A ray has one end-point but a 'ine has no end-points.)

Additional Exercises:

I. Draw a line on a sheet of paper. Label a point on the li#e

E. How many rays do you see with E as an end-point? (Two)

2. Draw a picture of a line on your paper. Let A be a point on

the line. Choose a Point on the line different from A and

call it B. Choose another point on the line different from A

in a different direction from A and label it C. Name two rays

with end-point A which are part of the line.

..w.m40.mm"'"IP"

C A

3. Label a point on your paper as W. Draw a ray on your paper

with end-point W. Draw another ray on your paper with end-

point W. Draw two more rays on your paper with end-point W.

How many rays can be drawn with W as end-point? (More than

we can count.)
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4. On your paper draw ray VW. What is its end-point? How many

rays are there with end-point V and containing point W? (only

one)

v...,..--.#-<....1

TOPIC 1VI PLANES AND REGIONS

OBJECTIVE:

To introduce the idea of plane region and polygonal region.

VOCABULARY: plane region, rectangle, circle, triangle, curve

MATERIALS: one crayon and one piece of paper for each child; one piece of

string; one foot piece of string for each child; one circular piece

of cardboard; one rectangular piece of cardboard, one box, pupil

page 31

Activity 1: Flat surfaces or planes

Ob'ectives:

I. Children can identify objects which represent part of a plaile.

2. Children can indicate that a plane contains more points and

more lines than can be counted.

3. Given a representation of a plane, children can show rays that

are on the plane and that are not cn the plane.

Materials: one crayon and one piece of paper for each child
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Teaching Procedure:

Ask the pupils to find some flat surfaces in' the classroom. (desk

top, floor, chalkboard, windowpane, wall, side of a book, etc.) "Do you

know the name for the set of points suggested by a flat surface?" (A

plane) The floor, the desk top, the sheet of paper, all represent part_

of a plane; they help you think of a part of a plane.

Place a tip of a pencil on the top of the desk. Next put it on a

different place. Ask the students "How many points do you think there

are on the flat top of this desk? (More than we can count) How many

do you think there are in a plane?"

Have the students draw a triangle, circle, or rectangle on a sheet

of paper. Have them trace the figure with a colored crayon and have them

color the inside of the figure with the same color. Ask, "Does this

colored figure help us think of a part of a plane? (Yes) Have the

students draw a larger figure that encloses the colored region. Have

the students color this region with the same color. Does this new

colored region h,.p ycu think of a part of a plane? (Yes) Have the

students enclose the reg:on with another figure, and another, each time

coloring the new region. After they have done this several times, ask,

"Can you draw a picture of a whole plane?" (No, a plane extends on and

on without end.)

The students/ figures might look like this:



"Just as we think of a line containing more and more line segments,

so shalF we think of a whole plane as containing larger and larger flat

surfaces. Imagine that your desk top is stretching and getting longer

and longer and wider and wider. If you put a pencil on your desk, it

could now roll as far as you wished in any direction."

"Often we shall use a sheet of paper on the desk to help us think

of a part of a plane.. Draw a line on your sheet of paper. Can we draw

two lines? (Yes) More lines? (Yes) How many lines? (More than we can

count)

Have a student draw a ray on his sheet of paper. Have him describe

a ray that is not on this plane. Have the students describe a ray whose

endpoint is on the plane, bul not the rest of the ray. (A pencil with tip

on the sheet of paper and perpendicular to the plane of the paper. It

can also be at any angle to the paper. Answers will var;.) Have tha stu-

dents describe a ray whose end-point is not on the plane. Ask, "Is the

ray on the plane?" (No) Ask, "If the end-point of a ray and one other

point are on the plane, must the ray be on the plane?" (Yes) Let the

students discuss this.

Activity 2: Learning about regions Pupil paae 31

Objectives:

I. Children can identify curves, closed curves, and plane regions.

2. Children can mark points inside, outside, and on plane

figures.

Materials: one piece of string, a one foot piece of string for each

child, one circular piece of carHboard, one rectangular piece

of cardboard, one box
89



90

Teaching Procedure:

Draw a circle on the board. Mark points inside, outside, and on the

circle. Ask questions liks'this about each point: "Is this point in-

side the circle, outside the circle, or on the circle?" Run your finger

along the circle and say, "This is a curve." Mark other points and let

the pupils tell about their locations. Let pupils mark points and tell

where they are.

Say, "A circle is a closed curve. A closed curve starts and ends

at the same point. An ant like Speedy can start at any point, move along

the path shown by the curve and he will return to the point where he started."

Ask, "Is a rectangle a closed curve? Can an ant move along the path shown

by the rectangle and return to his starting point?" (Yes. A nactangle is

a closed curve.)

Ask, "Is a triangle a closed curve?" (Yes) "Is a line segment a

picture of a path?" (Yes) "Is a line segment a curve?" (Yes)

Note: The children may need to talk about these last two questions.

Guide them to call a path a curve. A path may be straight or it may not

be straight. If a path is straight, it is a line segment. Some people

speak of "straight lines" and "curved lines". In later work in mathe-

matics this leads to confusion. In this book, all lines are straight.

What some people call "curved lines", we call "curvesn.

Draw a curve like this c) the board:



Ask, "Is this a curve?" (Yes) "Is it a closed curve?" (No) "Why?"

(Wo cannot follow the path and come back to the point where we started.)

Draw a line segment on the board. Ask, "Is this a curve?" (Yes)

Hold up a piece of string so that it is not straight. Ask, "2oes

this show a curve?" (Yes) "Does the curve have end-points?" (Yes)

Get a child to show the end-points. Tighten the string +0 sl,ow a line

segment. Let the children use the string to show many different curves.'

Guide them to say that the string shows a curve in any position they

put it.

Let each pupil put a piece of string about one foot long on his

desk to show a curve. Walk about the room to give help as needed. Ask

the pupils to stretch their strings to show curves which are straight.

Let them say, "The strings show line segments."

Tell the pupils to tie the ends of their strings together. You do

the same with a string. Ask, "Does each string with ends tied together

show a curve?" (Yes) "What do we call such a curve?" (Clo ed curve)

Let the children show many closed cuNes with their string loops. Guide

them to form rectangles, triangles, and circles. Two children may work

together when more fingers are needed to hold the string. Let some pupils

show the c,ass the figures they made.
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Vary the whole group activity by allowing two pupils to demonstrate form-

ing closed curves to the class. A flannel board, yarn, and gins may be

used. This is an appropriate activity for students who need successful

experiences.

Note: Only closed curves which do not intersect themselves are

discussed with the children. If a child forms a closed curve like the

numeral 8 (or@ ), just say, "These are closed curves, but not simple

ones." Do not emphasize this type of closed curve.

Say, "Do you remember Speedy, our ant friend? Speedy's paths were

in a flat field. The board is flat." Point to a curve on the board.

"This curve is on a flat board. A circle is a curve on something flat.

A rectang'e is a curve on something flat."

Go on. "A rectangle is a closed curve on a flat surface. It has

an inside. The inside of a rectangle is flat and is called a plane

region." Place your hand on the inside of the rectangle as you say

this. "The inside of a circle is also a plane region." Place your

hand on the inside of the circle as you say this.

Hold up a rectangular piece of cardboard. Say, "This shows a

plane region. It is the plane region of a rectangle." Pass your fingers

over the face of the figure as you say "region". Trace the edge of the

cardboard with your finger as you say "rectangle".

Hold up 6 circular piece of cardboard. Say, "This shows a plane

region. It is the plane region of a circle." Run your fingers over the

face of the cardboard as you say this.
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0 Hold up a box. Say, "The sidl of the box is a plane region." Let

/-
the children show plane regions ol7 objects in the

Pf

assroom.

Tell the children to look at pupil page 31 ./Let them talk about

the closed aurves they see and the curves that are not closed. Ask

the pupils to name the curves. Note that some curves are named by a

single letter. We will use small dots to show points. Say, "Think of

these dots as very small. Place a dot on point A. Show B by placing

a dot on point B. Show a point on the line segment BC. Show a point.

inside the circle D. Show a point on the curve EF." Tell the pupils

to show other points on, inside, and outside each curve. ,Say, "Show

a point inside curve EF." If there is some hesitation, ask questioms

like, "Can't you find an inside? Is EF a closed curve?" Guide the chil-

dren to say such things as, "EF has no inside." Or "EF is not a closed

curve."

Ask the pupils to run a hand over the inside of the triangle, over

the inside of curve G, and along curve G. Get them to show plane regions

in the drawings.

" k

OBJECTIVES:

I. To introduce the idea of angle.

2. To introduce the idea of intersec ion of lines and planes

with lines.

VOCABULARY: angle; vertex; intersection (of paths, curves, and

;!ne segments); arrowheads
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MATERIALS: Two pieces of paper for each child; a one foot string for

each child; some small seeds or beans for each child; a straight

edge (yardstick); two large pieces of cardboard; a ruler for

each child; pupil pages 32 - 35

Activity 1: (Oral) Angles

Ob ectives:

1
I. Children can identify an angle.

2..1\. Children can identify the vertex of the angle.

3. Children can draw a picture of an angle.

Materiats: one piece of paper for each child

Teaching Procedure:

Several representations of angles by various objects in the class-

room may be pointed out to the children. The parts of the angles can be

mentioned. The teacher may begin by asking the following questions while

the children do the work at their seats. "Mark a point P on your paper.

Draw a ray with end-point at P and mark another point on the ray and

label it Q. Now, draw a second ray with end-point at P. (See that the

.children do not draw it on the line PQ. If it were, this would put both

rays on the same line and an angle, as we have defined it, would not be

formed.) Mark a point on this new ray R. Your figure should look

something like this."



"This ligure represents an angle,. We can say that an angle is the

union of two rays that have a common end-point and not on the same

line. We called P the vertex of the angle. It is the end-point of both

rays."

"If we draw these two rays like this, do we form an angle? Why?"

P

(No, an angle Is not formed because the two rays do not have a common

end-point.)

"Is this figure an angle?"
A

(No, this figure is not an angle because it contains two rays and a line

segment and an angle is the union of two rays.)

Have the students look around the room and point out objects that

represent angles such as the two walls that meet to form an angle or

the two edges of the student's desk that meet at a corner. Ask, "What

represents the vertex of the angle?" (The corner where the edges meet.)

"What represents the rays of the angle?" (The edges of the desk.) "Why

is only part of an angle represented by the two gdges Meeting at the

corner of the desk?" (The rays extend without ending, but the edges of

the desk do end.)
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Draw this figure on the board and.have students answer questions

about it.

Ray PQ and ray PR are subsets of different lines. Ddes'their

union form an angle? (Yes) Mhy? (The rays have common end-point P

and are not on the same line.) Does the union of ray PR and ray PS form

an angle? (No., Ray PR and ray PS have a common end-point, but they are

on the same line.)

Ask, "If ray AB and ray BC are subsets of two different lines, is

their union an angle? Why?" Have the students draw a figure like the

following to help them answer the question.

A*

(No, because the rays do not have a common end-point.) Point ou.t to

the students that in our notation for rays the first letter mentioned

always corresponds to the end-point.

Allow time for drill in the new vocabulary and notation by having

the students draw the following:

I. Draw an angle. Label the vertex A.

2. Draw an angle and label the angle PQR. What is the label

for the vertex? (Q)

3. Draw an angle by drawing rays MN and

10 ,
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4, Draw an angle. Label its sides PS and PR.,

5. Draw two angles with a common vertex. Novi many angles db

you see? (Answers may vary)

The two angles were CQB
and CQA. We also see the

angle AQB.

The two angles were AQK
and ROS.. We see here 6

angles: AQB, AQS, AOR',

BQS, BQR, SOR

There are other possibilities. :lf AQ and QS were on the same line,

then AQS is.not an angle. Depending upon the two angles chosen, the
number of arTlis exhibited may be 3, 4, 5, or 6.

6. .Draw four angles with a common vertex.

Answers may vary. The "simplest" possible answer is:

13

(Angles EAB, BAC, CAD, DAE)

Another answer:

(Angles BAC, DAE, FAG, HAJ)
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Activity 2: IntersectIons of paths, curves, and

line segments

Ob'ective:

Pupil page 32

Children can identify the point of intersection of two

line segments.

Teaching Procedure:

In telling the following story, you may wish to substitute names of

children in the class and names of streets on which they live to build

interest.

"Bill was walking along Hammett Road from his home to a park. He

met his friend Peter, who was walking along Findley Road." While you

are telling the story, draw the picture below on the board.

a
store

Bill's home

Hammett Road

a

school

I

Findley Road

a
park

"What are you doing here on Findley Road?' asked Bill. 'You are wrong,

Bill,' said Peter. 'We are on Hammett Road.' They talked and talked.

Bill said they were on Findley Road and Peter said they were on Hammett

Road."
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Ask the class, "Which boy was right?" Let the pupils talk about

the question. If no child says, "They both were right," ask a child

to come to the board. Get him to put his finger at the point in the

picture where the boys met. Ask which road they were on. The pupil

will say that the boys were on Findley Road and Hammett Road at the

same time. Say, "The place where they met is common to both roads.

It is the place where the roads intersect."

Say, "Let us show the roads with line segments. Where is the

place the boys met?" Draw a picture like this:

Findley Road

Hammett Road

Let a pupil mark the point where the line segments intersect, say

Q. Ask, "On which line segment is point Q?" (Both) Say, "The line

segments have the point Q in common. Q is the intersection of the line

segments. If two line segments have a point in common, they intersect

.at that point." Ask questions and let the pupils talk of these s6me

ideas in their own words.

Mark two points on the board about one foot apart. Ask, "Can you

draw a line segment that has these two points as end-points?" Let the

children decide they can. Give a child a straight edge to use, and

let him draw the line. Let another child name the line segment, say We.
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Mark two other points on the board like this:

A B

Ask, "Can we draw a line segment with these two points as end-points?"

Give a child the straighf-edge and let him draw the line segment and

name it, say PTT. (Note that these two line segments intersect.)

Draw two other line segments which do not intersect. The board

will look like this:

A

,

B 1111.s. 11
R . s

L

Get the pupils to talk about the two pairs of line segments.' Get them

to say that line segments ML and RS do not intersect and line segments AB

and PN do intersect. Ask a pupil to point to the place where the line

segments AB and PN intersect. Ask another pupil to mark the point and

name the point, say K.
N

ni



Guide the pupils to say, "Point K is on line segment AB. Point K is on

line segment PN. Line segment AB intersects line segment PN. Point K

is common to both line segments. K is the point of intersection of the

line segments."

Let a child draw nother line segment on the board. Ask another

child to draw a second line segment that intersects the first. Ask, "Do

thesa two line segments intersect?" (Yes) Let one of the children mark

and name the point where the two line segments intersect, say J. Say,

"These are intersecting line segments."

Lei another child name the end-points of the intersecting line seg-

ments, say MIT and V. Let the children tell all the marked points on each

of the two line segments. Guide them to say that J is a point on MH and

also on XY.

Tell the pupils to turn to page 32 in their books. Ask a child to

give the names of two int,Irsecting line segments. Let the other chil-

dren talk about the line segments named and decide whether they do inter-

sect. Get them to fin c+her intersecting line segments. Ask for the

names of two line segments that do not intersect. Ask a child for the

names of the points marked on Tg; on.05; on Mc); and so on. Each answer

should be talked about; the children should decide whether it is correct

and why or why not.

Ask, "If WX is extended, will it intersect line segment SV? How

can we decide?" Guide a child to suggest holding a string along line

segment WX. Ask the pupils to talk about this and decide whether the

line segments intersect. Continue with similar questions.
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Activittl: Points, lines, and intersections

Objective:

Pupil page 33

Children can find and mark points of intersection.

Materials: a one-foot string for each child; small seeds or beans for

each child

Teaching Procedure:

Ask a child to draw a picture of a line on the board. The picture

you hope the child will draw is like this:

=411:00.
If he does not draw the arrowheads, ask, "Does the line keep going to

the right? How do you show the line keeps going to the right?" Ask

similar questions about extending the line to the left. Let a child

draw two points on the line and name them A and B. Say, "The line

goes through the points A and B."

Draw two more points, C and D, which the line does not go through.

The board may look like this:

A 2

Ask a child to draw a line through the points C and D. If needed, ask

questions like, "Is there a line segment with C and D as end-points?"

1 1



(Yes) "Can the line segment be extended to a line?" (Yes)

Ask, "What can we say about these two lines?" If no pupil says something

like "They cross", or "They have a point in common", ask "Do they have a

point in,common? Why?" Let a child show the point where the lines inter-

sect and name it.

Ask a child to show, line AB wi,th u string. Get him to hold the

string along.the line AB. Ask another child if the string shows the

line AB. Ask another child if the line stops at B? At The end of the

arrow? At the place the string is hold? Get the children to say the

line goes on and on.

Let another child show the line CD with a string. Ask another

child to place his fingers at the point where the lines intersect. Ask

what the two strings show. Guide the children to say something like,

"The strings show two lines. The lines intersect."

Give each child a piece of string about one foot long and some

small seeds. Tell the children to tuhl to pupil page 33. Ask, "What

geometric objects are Obqw,0ori this page?" (Points) "How many points

are marked?" (16) "Do the points have names?" (Yes, A, B, C, to P)
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The list of directions and questions that follows will help the

children to think about points, lines, and intersections. You will

think of others.

Stretch a piece of string to show the line that points B and 0

are on.

Are any of the other points on the line? (No)

Stretch a piece of string to show the line that points B and G

are on.

Are any of the other points on the line? (No)

Find other pairs of points that are on lines. Let the children

say which pairs of points they think lie along lines. (All

pairs)

Is point K on the same line as points M and G? (No)

Is point K on the same line as points D and P? (Yes)

Is potnt I on the same line as points F and 0? (No)

Is point 0 on the same line as points G and K? (No)

Is point B on the same line as points H and D? (Yes)

Can you stretch the piece of string along the line that has five

points drawn on it? (A, E, F, K, and N).

How many lines can you find,on the page that have exactly three

of the points on them? (Three: DP; IP; HB)

Find a point that is on the same line that point B is on.' (There

are 15 such lines.)

Place a seed so that it will lie along the same line as points

M and D.
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Find a line that has the points D and M on it. Find the line

that has the points F and G on it. Can you place a seed

at the point where these two lines intersect? (Give chil-

dren help if they need it. They must imagine where these

two lines intersect. Let them guess where the point is

first. Then they can test by stretching two pieces of

string between the proper points.) Let the children prac-

tice finding the intersection of lines on the page. Let

the children work in pairs, one holding his string along

the line DM, the other along the line FG.

Activity...A: (Oral) Many lines through ona point; only one line

through two points

Ob'ectives:

I. Children can mark many lines through a given point.

2. Children can mark only one line through two given points.

Materials: a straight edge; 2 large pieces of cardboard

Teaching Procedure:

Mark a point on the board. Ask whether a line can be drawn through

the point. Let the children talk about this and let one of them come

to the board and draw a line. Let another hild help him hold the

straight edge up to the board.
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Ask, "Did he draw a line through the point?" , "Can another line be

drawn through the point?" Let the children talk aboui this: Get another

child to draw a second line through the point.

Ask, "Can a third line be drawn through the point? a fourth?" Con-

tinue as before, with children deciding that another and still another

line can be drawn through the point. Let them draw many lines through

the point.

Ask, "How many lines have you drawn through, the point? Can more

lines be drawn through the point?" Get the children to say that many,

many lines can be drawn through the point.

Let a child draw two points on the board. Ask, "Can you draw a

line that goes througn both of these points?" Let the children talk

about this and let one of them draw the line. Let him choose some one to

hold the straight edge up to the board.



Ask, "Can you draw another line through these two points?" Let

the children try. Guide them to discover that only one line can be

drawn through two points. Get other children to stretch a string through

both of these points, extending it to the edges of the board, then stretch-

ing it to the walls. Point again to the two points.and ask, "How many

lines can we draw through these two points?" (Only one)

Mark a point on the board. Help a child to draw a line through

the point extending from one side of tJeoard to the other. (Do not

draw a horizontal line.) The diagram_be4ow is the picture Of an entire,.

section of board.

Quickly erase the left part of the line. Leave the arrowhead. Erase

the rest of the line except for the original point and the other arrow-

head. Cover the two arrowheads with preces of cardboard. Leave only

the original point for the children to see. Erase the iine well so that

children cannot see where it was drawn.
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Say, "The line is erased but the point is still there. Will rome-

one put the line back?" Let a child try to redraw the line. Be sure

he cannot see the arrowheads under the cardbnards. Ask, "Is this new

line in the place where the erased line was?" If they do not agree, let

them draw lines where they th;nk the erased line was.

Remove the cardboards to let the children see whether the rubbed-

out line has been replaced. Repeat this exercise several times. Get

the children to see that it is difficult to redraw an erased line when

only one point is known. They may say that if they could see one. of the

arrowheads they could put the line back.

Change the activity. This time mark two points on the board in-

stead of one. Again let a child draw a line through the points and

mark arrowheads at the ends. Again erase the Hone except for the

arrowheads and the two points. Cover the arrowheads with large pieces

of cardboard. Then ask the same question, "Can someone put the iine

back?" Get the children to see that it is easy to put the line back,

because now they see two points that were on the line. Only one line

can be drawn through two points.

Let a child draw a line on the board. Get another child to draw

two points on it, say A, B. Ask still another child to mark two other

oints on this line, say P and Q, one near one arrow, the other near

sfhe other arrow.
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Ask a fourth child to take a string and show the line through P and

Q. A

Ask, "Doss the line through P and Q go through A and B? Is the

line through P and Q the same as the line through'A and B? (Yes)'

the line through P and B the same as the line through A and Q?" (Yes)

Repeat this exercise with other lines and points on the lines.

The children should understand that through any two points of a

particular line only that line can be drawn. The children may not be

able to say this in words. You try to help them understand the ideas.

Activitt 5: Intersection of line segments Pupil page 34

Objective:

Children can mark points of intersection of line segments.

Teaching Procedure:

Note: Block letters of the alphabet exhibit.geometric figures.

All of the letters except "C", "U", "S", and "0" contain at least one

line segment. Many types of intersection of line segments are shown in

these letters. For example, the letter "X" shows two line segments

that intersect ata point that is not an end-point. The letter "L"

shows two line segments which intersect at an end-point. The letter "I"

shows two line segments intersecting at a point that iS an end-point

of one line segment and not an end-point of the other line segment.

Tell the pupils to turn to page 34 in their books. Ask, "Do you

see any line segments on this page?" Remember that the edge of the

page shows line segments and that the rectangles in which letters are

contained also show line segments. Let the pupils talk about the letters

1
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and whether line segments make the letters. Let them also talk about

the right angles shown by some of the letters and about the intersec-

flow_ of the line segments to form letters.

Let the pupils count the number of line segments in each of the

letters. Let them tell which letters use at least one, two, three, and

four line segments. Let them place dots At :the polnts of intersection.

Let them talk of the different ways the line segments intersect.

Help them recall that if two line segments have a point in common they-

intersect at that point. For example, A and D are points of intersection

A< y
of three l4ne segments; two line segments intersect at B and at C.

(A may also be seem as the intersection of four segments.)

4

Activity 6: Circles

Ob'ective:
4

Children can draw a picture of a circle by marking and con-,///

necting a series of points the same distance from a given

point.

Materials: one piece of paper'for each child; a ruler for each child

*Teaching Procedure:

Have the children mark a point on their paper and label it C. Mark

aflother point two inches irom point C. Have them mark many other points

that are two inches from C. Be sure that the points are marked in'all

directions from C. Ask the children to draw a closed curve suggested by

the set of points marked. Point C is not used.



Now have the children find some more points that are two inches from

jpoint C. Where are these new points located.? Does this special closed

curve have a special name? (Yes) The name of this curve is circle.

Have the children draw other circles by having them mark a pdint

D on their paper and finding many points one inch from 0; th'en another

point E and finding many potnts one and a half inches from E, etc.

Activity 7: Intersection of curves and line seg-

ments

Objective:

1 Pup i I page 35

Children can identify points of intersection of plane

figures.

Teaching Procedure:

Draw a circle and line segment that intersect like this:

Let a pupil name.the line segment, say ND, and the circle, say C. (You

may need to say that the circle may be named with a single letter.) Let

the pupils talk about the figure. Get them to say that there are twO

points that are common to both the circle and the line segment. Let a

pupil name them, say Q and P.

111
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Ask questions like, "Do the circle and the line segment intersect?"

(Yes) "Why do you say they intersect?" (The line segment and circle

intersect because a point on the line segment is also a point on the

circle.) "Where do they intersect?" Help tHem to trace along the

circle and line segment and name both point P and point Q.

Make figures on the board like the following ones, and talk about

them in a similar way.

Points A, V, K, D, F, X, Y, and Z are.all points of intersection.



.
Let the pupils look at page 35. Ask questions like, "Do you see

a circle that intersects a line segment?" (Pictures 1, 3, 6, and 8)

"In which pictures are there circles that intersect circles?" (5)

Let the pupils ask each other questions. Make sure the intersection

.shown in each picture is discussed.

Get the pupils to place dots on the points where a circle inter-

sects a triangle. Ask, "What does picture 7 show? Which picture

shows a triangle intersecting a square?" (None)

I.QP.LLIL=...EELLEESANDOLGONs
OBJECTIVES:

I. To explore the idea of angles and of triangles.

2. To introduce the idea of plane regions and polygonal regions.

3. To develop the understanding that a polygon is a simple

closed curve that is the union of line segments.

VOCABULARY: angle, vertex, vetices, Joining two points, congruent

a6gles

MATERIALS: pencils or several sticks to make demonstration models of

a triangle; three pencils or sticks for each two children; pupil

pages 36 - 38

Activity 1: (Oral) Review of angles and of LELTII pages 33, 36, 371

triangles

Ob ectives:

I. Children can identify, name, and mark angles and triangles.

2. Children can identify and name the angles determined by a

triangle.
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3. Children can draw representations of the rays of the angles

determined by a triangle.

Materials: three pencils or sticks for each two children

Teaching Procedure:

Hold up a book. Run two of your fingers along the two edges that

show an angle. Let your fingers meet at the corner. Ask, "What do

these two edges show?" You might get several answers, such as two rays,

edges of the book, a corner, and an angle. Agree with these answers. tf

some child says, "An angle", ask a child to draw a picture of the angle on

the board. If no child says angle, ask a child to draw a picture of the

corner of a book on the board.

Ask questions to get children to name the end-points of the two

line segments that make the figure. The,picture may look like thts:

Let the children talk about the figure. Get them to say things like:

PN is a line segment; NR is a line segment; the line segments inter-

sect; the point N is on both line segments. Point out that the line

segments NP and NR might be extended to rays. Indicate the rays by

arrows, as in the picture: Remind the children that thisis an

angle. It is made from two rays that have the same end-potnt and

are not on the same line. Point N is called the vertex. Let them

continue to talk about the figure. Guide them to say things like:

the two rays form an angle; the angle is named angle PNR or angle



RNP; the point N is the vertex of the angle. Two line segments meeting

at a common end-point indicate an angle formed by extending the line

segments to rays.

Mark three points on the board. Say, "Who will mark an angle using

these th.ae points?" If no child volunteers, choose a child to draw a

ray through two of the points. Let another child name the points. Ask

a third child to draw a ray through two different points. The rays may

form a figure like this.

Get-the children to agree that: the figure is an angle; it is formed

by rays BA and BC; he rays intersect at point B; point B is called the

vertex.

Mark threepo,jif,ts in positions similar to A, B, and C at a dif-

ferent part of the board. (Be sure the points are so.arranged that the

angles formed will be congrient.) Say, "Here are three other points

like A, B, and C." Ask, "Can we draw an angle using these three points?"

R
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Let a child do so. If he draws angle PQR, say "John hai drawn an angle

using P, Q, and R. It looks like angle ABC which we Just drew. Can a

different angle be drawn using P, Q, and R?" Then rub out the picture

of the angle just drawn. With the same thre points get the children to

draw another angle, say QPR.

Say, "When we draw a line segment with two points as end-points, we

say we join the two points or connect the two points." Let a child say

things like, "Points P and Q are joined by the line segment PQ."

Draw three more points in positions similar to A, B, and C at

another part of the board. Say, "We have made two angles by joining

points; can we draw a third?" Get a child to name the points, say

Do E, F.

Let another child draw angle DEF. The board will now have three figures

on it.
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Ask the pupils to name the vertex of each angle. (B, P, E) Then ask

them to name the angles on the board. As they give their answers,

review the idea of naming the vertex between the other points. (ABC or

CBA, QPR or RPQ, DEF or FED)

Draw three more points like A, B, C. Let children draw all three

line segments to form a triangle. The board will now include this

figure:

Let the children talk about the triangle. Let them say things like: the

triangle has three sides; the sides are line segments; the triangle is

a closed curve.

Ask the pupils to turn to pupil page 36 and to look at the points

labeled A, B, and C. Say the following:

I. Draw go AC, "el, TA, no TA.

2. Does your drawing look something like this? (Draw this figure

on the bodrd.)
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3. Writa in.the blanks the words that complete .these sentences.

a) Line segments AB, AC, and BC form a (triangle).

b) The angle with vertex A which contains B and C is

called (BAC or CAB).

c) The angle with vertex B which contains A and C is called

(ABC or CBA).

d) The angle with vertex C which contains A and B is called

(ACB or BCA).

4. Mark a point of ray AB which is not a point of line segment AB.

Label it D.

5. Mark a point of ray BA which is not a point of line segment AB.

Label it E.

6. Mark a poiryf ray AC which is not a point of line segment

AC. Label it F. Does your drawing look like,this now?

(Draw this figure on the board.)

7. Are D, E,.and F points of the rays of the angles you named on

yolk paper? (Yes)

8. a) Are D, E, and F points of the triangle? (No)

b) Are D, E, and F points of the inside the triangle? (No)

c) Are D, E, and F points outside the triangle? (Yes)

118



Say, "Our figure shows that a triangle suggests or determines three

angles. These angles are not part of the triangle. This is true because

a triangle is made up of segments and an angle is made up of rays.

"Remember whehwe studied circles we spoke of the cen+er of a circle.

The center is not part'of the circle. In the same way we say angles ABC,

BCA, and CAB are angles of.the triangle although they are not part of the

triangle. We call the vertides of these angles the vertices of the tri-

angle."

9. Draw a triangle on the bottom of your page. Label its vertices

E, A, T.

a) WrIte.the names of the three angles determined by the

triangle in the blanks at the bottom of 4fe page.

(EAT, TEA, and ATE)

b) The three angles of a triangle suggest how many rayO (6)

Let the children draw other triangles and name the angles. The ver-

tices may be named P, Q, and R, or L, N, and D.

Look at page 33 again. Ask them to join points 0, N and C with

pencil lines. Sayl "What is the name of the figure you have drawn?"

(triangle) Ask children to join the following sets of points: J, F,

and H; M, G, and C; and A, E, and N. The last three points lie on the

same line; so the drawing will not show a triangle. Let the children

distover this for themselves and tell about it.

'Additional Exercises on Triangles and Triangular Regions

The exercises on page 37 can be used to help the students explore

the properties of triangles further and to strengthen their vocabulary

of geometric terms.
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Activity 2: Drawing of four-sided figures

(quadrilaterals)

Objectives,:

I. Children can identify the vertices of four-sided figures.

2. Given the vertices, children can draw a picture of a

Iquadrilateral.

Teaching Procedure:

Pupil page 38

Teel.+Pl'his story: "Babar was a littl;-eliaghant with big ears who

lived in the shade of a tall tree. One morning he awakened early and

flapped his ears and ran straight to a waterhole. After drinking, he

was hungry. He ran directly to a field of fresh grass. As he was

'eating, he heard a boy crying. 'What is the matter, little boy?' asked

Babar. /Boo, hoot, cried the little boy. have been walking and

walking and cannot find my way home.' 'Never mind', said Babar. 'You

hop on my back and we will see what we can do.' The boy hopped on Babar's

back. Babar flapped his ears. Before the little boy knew it, they

reached his home. The boy's mother was very happy. She gave Babar

three bunches of bananas, four coconuts, and five loads of grass. Babar

ran happily straight to his home by the tree."

As you tell the story, draw a picture of Babar's path from the

iree T, to the waterhole W, to the grassy field G, to the boy's home, H,

and back to Babar's home by the tree T.
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Ask questions like, "What geometric figure_ADes'Babar's path show?"

(4-sided figure) "How many line segments v'e there?" (at least 4)

"What are the names of the line segments? How many angles are suggested

by the figure?" (f) "T is the vertex Of what suggested angle?" (An HTW)

Say, "T is also called a vertex of the 4-sided figure TWGH."

.
Let a child draw 4 other points on the board. Ask another child,/

name them A, B, C, and D. Let another child draw a 4-sided igure using

these points as vertices.

Note: If someone connects the points as shown,

A

tell them that even though these are very interesting,,we w64 to "save

some things for high school." We consider only four-sided Ogures which

do not intersect themselves. Likewise, we do not consiiia four-sided

figures with any three of the points on a line.

Let them look at pupil page 38. Ask the children to draw a four-

sided figure using points A, B, C, and as vertices. Then ask them to

draw a four-sided figure using points P, Q, and S as vertices.

Children will see that these points can be joined to form several different

fouf=tided figures by observing the work of others. In section 3, ask

pupils to draw a different figure using the same vertices as were used

for section 2. Their drawings may resemble those below:
4.

1 3 r6.
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UNflr 6

Fraction-IV

OBJECTIVES:

I. To review the meaning of the fractions one-half, one-fourth,

one-eighth, one-third, and one-sixth.

2. To extend the concept of fractions to include one-fifth,

one-tenth, and one-twelfth and to learn their names and

numerals.

3. To% introduce order of fractions and to compare pairs of

fractions that are not equal; one fraction may have many

names. '111111
To introduce multiples of the fractions 2, 3, 4, 6, 8, 5,

I 1

10' 12'

5. To help students discover that if both the numerator and de-

r nominator for a fraction aro multiplied by the same number,

the result Is another name for the same number.

BACKGROUND INFORMATION FOR TEACHERS:

We use the whole numbers 0, 1, 2, 3, 4 . . . when we talk about the

number of members in a set. But often we want to talk about parts of

objects or about separating sets into subsets of the same size. When we

talk about parts of objects or parts of sets or regions, we use another

kind of number. These numbers are called fractions.

If we cut an orange into three parts of the same size, we say we

have separated it into thirds. If we consider two of the three parts, we

are thinking of two-thirds of the orange. If we think of a rectangular
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region separated into three congruent parts, then two of the parts are

two-thirds of the rectangular region. If We have a set of three balls,

then the number of members in the subset of two balls is two-thirds of

the number of the members of the set. The fraction two-thirds is a number

that describes all such parts of a whole which are two of three parts of

the same size.

Fractions have numerals (names). The usual numeral for a fraction

uses a pair of numerals. For example, for the fraction two-thirds we

2
'nay use the symbol T. The "3" means that we have three parts of the same

size; the "2" means that we are thinking of two of the parts.
%

In the interest of uniformity, it may be pointed out here that even

thouch either form of the symbols for fractions is good usage ( -or 1/2),

it will be less confusing for the children if the teacher will use.the

vertical form ( 7.) that is presented in the pupil's book. It is not

necessary to mention this to the pupils unless one asks; then, he may be

told that either form is correct.

We associate the whole numbers with points on the nurqber line. The

number line helps us show the order of the whole numbers. If a point is

to the left of a second point then the number associated with the first

point is less than the number associated with the second. if a point is

to the rIght of a second point, then the number associated with the first

point is greater than the number associated with the second. On the

number li.ne, 5 is to the left of 7 and we say 5 < 7. Also, 7 is to the

\....,/right of 5, and we say 7 > 5.
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We may also associate fractions with points on the number line and

thereby set up an order among fra'ctions. Suppose we want to compare

3
the number with the number T. We locate the point that corresponds to

each of these numbers on the number line. To find the point on the

3
number line which corresponds to 4-, the line segment from 0 to I is

divided into 4 equal segments. Each of these 4 parts has length which

corresponds to
14

r unit. The union of three of the equal parts laid end

3
to end, is a line segment whose length is unit; its left end-point

3

corresponds to zero and the right end-point corresponds to the point 71".

o

1

1

Similarly, the point corresponding to y is located.

1
-1-

2 2

0 2 1
3 1

After having located the points corresponding to 'if and we find

3
that the point for -4. is to the right of the point for

..21.

We say that

3 1

> Likewise.we notice that the point for
7,1

F is to the left of the

3 1 3 2

point for 7417, that is y< :tr. If two numerals, such as
11

;and -4- name the

same point on the line they are names for the same fraction. Thus, the

comparison of fractions is related to the comparison of line segments.

Consider the line segment from the point for 0 to the point for I. If

we compare one-half of that line segment to three fourths of that iine

3
segment, the part described by the number -4- (three of four equal parts)

1

is longer than the part described by the number y (one of two equal parts).

3 I

We say that 74. >

i 3 12$,
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If the pupils have had no introduction to fractions in the third

grade, the teacher will find that pupils wilimake more progress if

they are taken slowly through the unit, with additional duplicated

materials provided for practice when needed. Itftwill be helpful to

study S.E.C.L. units on fractions for grades 2 and 3.

EV F I T 0 NUMB

OBJECTIVES:

I I I I

1. To review the meaning of the fractions -271 '47, To 3j, and -67.

2. To develop the idea of using fractions for subsets and

parts of regions.

VOCABULARY: whole, part, one-half, one-third, one-fourth, one-sixth,

one-eighth, halves, thirds, fourths, sixths, eighths, fraction,

numerator, denominator

MATERIALS: five 2" by 18" strips of paper for each child; several l-inch

squares of paper for each child; small objects; counters; three

cutouts of circles, rectancles, squares, hexagons, and triangles1111
for each child; five 5" by 7" numeral (-f ,

1

-6-, ) cards; five

boxes (or baskets); pupil pages 39 - 43

Activity 1: Showing parts of things

Ob'ective:

Children can fold strips of paper into parts showing the

1111
fractions 3-, and



Materials: ilve 2" by 18" strips of paper for each child

Teaching Procedure:

Give each pupil five 2" by 18" strips of paper. (Pupils may work

in pairs.) Let them fold ooe of the strips df,,paper to make the ends

meet, then unfold the paper and tell the number of part, into which the

whole strip has been separated. Ask,whether the parts are the same size.

Guide the pupils to say, "Each part is one-half of the .paper." Let a

pupil write the numeral for one-half bn the board. (
I Ask the.pupils to
2

write the numeral for one-half on each part of their folded paper. Ask,

"How many halves are in the strip?" (Two; there are two halves) -Guide

the pupils to say, "One half is one of two parts of the same size."

Let the pupils point to parts of objects in the room that show one-

half; for example, one-half of the door, one-half of a book, one-half of

a window.

Ask the pupils to fold another 2" by 18" strip of paper intothree

parts of the same size. This is more difficult and will require trial

and error in folding. The teacher should demonstrate with 2" by 18"

strip by folding both ends toward each other, one overlapping the other

until three parts of the same size are obtained. Ask someone to

show that the three parts are the .ame size. Let the pupils decide on the

fraction that describes each of the parts. (One-third) Ask a pupil to

write the numeral for the fraction on the board. C I Let each pupil write

the numeral for one-third on each part of his folded strip. Say, "You

have folded your strip into thirds. How many thirds are in the whole

strip?" (Three; there are three thirds)
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Repeat the activity by letting the pupils fold strips into fourths,

sixths and eighths. Each time, let them check to see if the parts are

the same size, name the fraction that describes one of the parts and

write the numeral for the fraction on each part of the strip. Ask one

pupil to write the numeral on the board.

Tell tne pupils that each of the rumerals un the board names a number.

These numbers have a special name. They are called fractions.

Point to the numeral for one-fourth (

i
I. Say, "This is the name for

the number one-fourth. We call 1 the numerator for the fraction.. It tells

;)
how many parts we are thinking of. For example, we can show one fourth

of a strip of paper. We call 4 the denominator for the fraction one-fourth.

It tells into how many parts of the same size we have separated the whole.

For example, we folded this strip into four parts of the samo size.

Say, "Tell the numerator and denominator for the other fractions,"

Let the pupils tell what each fraction they showed with folded paper

means. Guide them to tell about each fraction as you did for one-fourth,

Then let them name fractions they know other than the ones named. 0

Activity 2: Fractions for parts of regions

Objective:

Pupil page 39

Given regions one part of which is shaded, children can name

the fraCtions which are associated with the shaded parts and

11111
can write the numerals for the fractions. (-27, -4-, 'aT, -0

Materials: several I-inch square cards for each child
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Teaching Procedure:

Ask"the pupils to turn to page 39.1n their books. Tell them to

point to the first picture at the top of the page. Ask, "What is the

name of this figure?" (Rectangle) Let the pupils talk about what they

know about,r4tangles. Hold your book up and move your finger along the

edges of one of the rectangles pictured. As you do this say, "This is a

rectangle." The follow),ng quest!ons may be used to guide the discussion.

You will think of others.

How many sides does a rectangle have? (4)

What do you know about line segment BC and line segment AD?

(They are the same length; they fit exactly.)

What do you know about line segment BA and line segment CD?

(They fit exactly.)

What' do you know about the angles suggested? (They are all ,

right angles.)

Move your hand over the inside of the rectangle, As you do this say,

"This is the inside of the rectangle. It is the region of the rectangle."

Point to the second picture. Ask, "What do we call this figure?

Into how many parts of the same size has the region been separated?" (2)

"How many parts are shaded?" (I) "What number describes the shaded part?"

(-2 -) Let the pupils answer similar questions about the shaded parts of the

other regions on the page. Give each pupil several one-inch square cards.

Ask them to write on a card the numeral for the fraction describing the
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shaded region of each figure and to place the card beside the figure.

Draw the figure below on the board as an example:

1

3

Go around the classroom, giving help as needed. Ask questions so

the pupils use the ideas of fractionS, numerator and denominator.

Activity 3: (Oral) Fractions for subsets

Ob'ective:

Given a set of objects, children can separate It into equi-

valent subsets, can describe the subset by using a fraction,

11111
and can write the numeral for the fraction. (f, -8", 3, Z)

Materials: small objects, counters, five 5" by 7" numeral cards

Teachinc Procethire:

Place a set of four objects on your table, Ask a pupil to separate

the set intc two subsets so that each subset has the same number of mem,

bers. Check this by asking another pupil to match the members of the

subsets. Ask, "How many members are in each subset?" (2) The members

may be matched exactly one to one in this way:

11111s1Mm
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Ask a pupil to point to one subset and tell what fraction describes the

part the subset is of the whole set. (We made .qo subsets with the same

number of members. Each is one-half of the set.)

Select a pupil to separate a set of four things into four subsets, each

with the same number of members. Ask, "What number describes one subset

as part of the whole set?" (One-fourth) Let a pupil write the numeral (

.14

)

on the board.

1111101

.

Ask the pupils to put a set of eight counters on their desks. The

following directions may be used to guide the-pupils' activity and dis-

cussion:

I. Separate your set of counters into two subsets so that each

subset has the same number of members. Point to one of the sub-

sets. Tell what fraction describes this part of the ;Oole set.

(One-half) Tell whether one-half is a number. (Yes) On a r:ard,

write the numeral for the fraction. .(

I Place the card by a sub-
2

set.

2. Separate your set of eight counters into four subsets so that

each subset has the same number of memhers. Point to one subset.

Tell what number describes this part of the whole set. (One4ourth)
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[Pup i I 'page 40]

Is the fraction a number? (Yes) On a card, write the numeral for

the number. (

I
-) Place the card by a subset.
4

3. Separate your set of eight counters into eight subsets so that

each subset has the same number of members. Tell how many members

are in each subset. Tell what number describes each subset.

(One-eighth) On a card, write the number. Place the card
8

by a subset.

Ask the pupils to remove two counters from their desks so that their

set of counters now has six members. Repeat activities similar to those

above with the sets of six counters. Ask the pupils to separate their

sets into two, three, and six subsets so that each subset has the same

number of members. Each time, let the pupils tell what fraction describes

one subset and write the numeral for the fraction.

Activity 4: Fractions for Subsets (continued)

Ob'ective:

132

Given a set, children can name the fraction associated

with the shaded subset and can write the numeral for the

fraction.

4



Teachingyrocedure:

Ask the pupils to open their books to page 40. Let a pupil read

the question at the top of the page. Say, "Each of the sets of beads

In the picture has a subset of black beads. There is a fraction that

.tells us what part the subset is of the whole set." (Point to picture

A.) "A subset of set A has black beads. What part of the whole set

is the subset of black beads?"

Guide the pupils to say that yf they think of the black beads as

one subset, then that subset is one of two subsets with the same number

of members. One subset is one-half of set A.

The following questions may be used to guide the discussion;

How many members has the subset of black beads? (Two)

Is there a subset of white beads in pictUre A that matches exactly

the subset of black beads? (Yes)

Into how many subsets of the same number has the set of beads been

separated? (Two)

What part is the subset of black beads of the whole set? What

fraction describes this? (f)

Ask the 'pupils to write beside each letter the numeral for the num-

ber that describes the subset of black beads in that picture.

A i (or i -) F -1- (or
2
)

1 6

4 8
J 7)

B ii 1 4 I 5
G (or --.) K

1-5.)2 8

I 3
C 4 H i (or 1) L

D 'El I

1 Mi L.. 3 1 2

I 3
E -f (or .0

1 4
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Act'vity 5: Fractions for regions (oral)

Ob'ective:

Pupil pages 41 - 43

Given different shaped regions separated into fractional

parts, children can shade one fractional part, can name the

fraction associated with the shaded part, and can write the

numeral for the fraction.

Materials: cutouts of circles, triangles, squares, rectangles and

hexagons sufficient to give three shapes te each child.

ItEnin9 Procedure:

Let the pupils select from the pupil pages 41 - 43 three shapes, each

showing a different fractional division. Ask them to color one part of each

shape. Let them tell about the shaded parts, tell what fraction describes

the shaded part, and write the numeral for the fraction on the chalkboard.

I+ the teacher wishes, she may prepare many cutouts of heavy paper in the

shape of circles, triangles, squares, rectangles, and hexagons, drawing

lires to separate the region of each cutout into parts of the same size

representing halves, fourths, sixths, thirds, and eighths, and giving each

pupil at least three shapes showing different fractions. Save the cutouts

for use with Activity 6.

or the remaining shapes on the pupil pages, discuss each shape in the

following manner:

Into how many parts is this region divided?

What is the name we give to one part of this region?

Color one part of this region.

Write the fraction that describes the part you have colored.



2

At a later time, if pupils have difficulty understanding that Tand

3 I

2

are other names for 7, ask them to return to these pages, coloring 1-of

3
I

of a region or 'g- of a region. They will see that they have colored Tof

2 4 2 6

the region. This activity may be extended to -cover -67, 787, and so on.

The purpose of these activities is to help the child learn to color a part

of a region, given a numeral, or to write a numeral for a shaded par of

the region.'

Activity 6: Matching fractions to parts of regions (oral)

Objective:

Given a numeral for a fracti-on and different shaped regions,

children can identify the regions whose shaded parts are

described by the fraction.
1 I I

Materials: 5 boxes (or baskets); five 5" by 7" numeral cards C 3-, 1-,

ard.T)

Teaching Procedure: 111
I

Place the 5" by 7" cards with the numerals 7,
1

II-, .6 and -8-- wrttten

on them, each against an empty box. (Shoe boxes or baskets may be used.)

Place the cards so that each pupil in the class can see th numerals.

Give out the cutouts that the i.wpils staded 5. Make sure

each pupil has three cutouts with shaded parts that are described by dif-

ferent fr3ctions.

Point to the numeral card for -and ask a pupil what number it names,
2

Let the pupils look at their cutouts and decide which cutouts have one-half

of their regions shaded. Ask all the pupils who have a cutout with one-half

the region shaded to place the cutout in the box marked IP 135
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isplay the cutouts from the "
1

' ox for the upils to see. Ask
2

the half-regions are the ame s ze and the same shape. (No)

e idea that n9t all halve e ions are the same size and

pe but that each pails described as on /of its own region. The

pupils should notice that if two regions are not the same-size and shape,

then the halves of those regions will snot be the same size and shape.

Lead the pupils to understand that two halves of the same region make one

whole.

Point to the numeral card for Let a pupil tell the name of the
3

fraction. Ask all who have cutouts with one-third of the region shaded

to place them in the box marked 4". Display all these cutouts and let

the pupils talk about the set of all the regions of cutouts that we de-

scribe as one-third. Emphasize the fact that the shaded thirds of dif,-

ferent regions may be of different sizes and shapes but that each is one,-

third of its whole region. Guide the pupils to say, "Three thirds of

the same region make a whole."

Continue in a similar way with the other boxes and cutouts showing

fourths, sixths, and eighths.

0 C I R ERI G R CT ONS

OBJECTIVES:

I. To introduce order of fractions and to compare pairs of frac,-

tions that are not equal.

2. To extend the idea of ordering fractions on a number line and

to provide experiences in naming points on a number line.

3. To extend the concept of fractions to include one-fifth. one-

tenth, and one-twelfth.

14 6



VOCABULARY: one-fifth, one-tenth, one-twelfth

MATERI L eight 3" by 30" strips of paper, a number line, pupil pages

- 45

Activity 1: Naming points on the number line (oral)

Ob'ective:

Children can fold paper strips to find and name points for the

.fractions -417, 16 on a number line.

Materials: two 3" by 30" strips of paper

Teaching. Procedure:

Place two of the 3" by 30" striOs of paper on your desk. Hold them

\up for the class to see. Let the pupils show that .the strips are of the

same size.

'Draw a line segment on the board, or put it on paper taped to the

board. It will be used in the next activity. It should be more than 60

inches long. Mark a point near, but not on t' o left end of the line

segment and write a numeral 0 at the point.

Say, "This is the number line. We can mark and name points on the

line with numbers. Here is one point. Let us name it O. Let us mark

another point."

Place one of the strips of paper along the number line, with the left

end at the point named O. Mark a point at the right end of the strip and

name it I. Ask the pupils to tell what this point is named. C11

Ask a pupil to put his finger where he thinks the point for 2 will be.

After he guesses, heip him to check his answer, Let him put the strip of

paper along the line segment, with the left end of the strip at the point

14
137



'larked I. Let him mark a point at the right end of the strip and name

it 2. Let the class say whether the pupil's guess about the point for 2.

,was a goo: guess. Stress the idea that the line segment from 0 to I and

the line segten+ from I to 2 are congruent. The edge of th paper strip

fits toth exao-k.

Ask a pupil T.: 4:1: or*e :a:e- strio into halves. Ask him to show the

class now he folte: tne st-!:, to .^4clo it a-t to tell into how, many parts

the str'o Ts separate:. (2) Ask, "are the two parts the same sizer Let

the :.:*ls -ell the -ate 04 the fraction which describes one part. Cf/

.!lclo the strip up art sa%, "We know that the edge of the paper strip fits

--a line segment 'not the point for C to the point for I. if we fold the

we know that one of the two :arts we formed is one-half of the

a :.:il to use the folded strip to find the point on the

!!-e 7a7 we car name

Help a pupil to :lace -"e left end of the folded strip at 0 on the

-jmber line and mark a point at -he right end. Savo "We can name this

:oi-t -f." Write the numeral for :elcw the tarkec: point. Guide the

1

to take statements such as the followi-g: The -2- point is between

re :ci-- -ate: 0 and the point -ate: I; the line seoment from 0 to f

is t-e o- twc :arts of the sare size; the two carts make the line segment

-rot C to I.

2

138
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/

Point to each of the two parts of,the strip which
11;

T.' describes. Sa'.

as you fold each part, "I am separating each of these two parts ir.1-c.

parts of the same size." Unfold the paper and show it to the cucils. AsK,

"Into how many parts is the paper separated by the folds?" (4) "Ire t-e

four parts all the same size?" (Yes) Let a Pupil show o-e-fcur-- c' -6e

strip. Guide the pupils to say that this part is c-e of four :arts --e

same size.

Let another pupil fold the paper so that orlv sre-"cur-h of the

folded paper shows. Let still another :u:il use t'e "olde: :a:e-

the point for
!
. on the number line. Let ancher :u:il hri-e 7-e -u-e-al

4

1

for below the marked point. (As shohn in diadrar- below.)
4

1 1

4 2

Ask, "How do we.find the point for i?" If a pupil sucaests a we

fold each part of the strip again so that there are eight ce.-ts cf the

same size, let him do this. Let another pupil use the folded caber to

1mark the, point on the line. Ask another pupil to write the numeral 'cr.

8

1

8 below the mark.

Ask, "Where do you think the point for should. be?" 4'7;et tne :udils

to talk about this. Let several pupils put their fingers on fhe places

where they think the point should be. Ask the class how they can decide

1

iwhere the
3

point s. Guide the pupils to say that they can use a pa:er

strip folded into three parts of the same size. Let a pu:il fold a strip

14 61
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and use it to mark a point for - Write the numeral for the fraction
3°

below the mark. Let the pupils tell who made the best guess. Using the

1

same paper strip, follow the plan above to mark and name the point for T.

(Note: Save the number line, as it is marked, for use in.the next activity.)

2

Note: If pupils have trouble relating fractions to the number line,

let them Make their own number lines on gtrips of paper, using a piece of

string as their unit. String is easily folded into halves, fourths, eighths,

thirds, sixths, and so on. It can be marked with crayon or ink at the fold

before marking the paper number line.

Activity 2: Reviewing the order of fractions

Ob'ectives:

I. Given strips of paper to be folded into parts of

'Pupil page 44

L.

'children can find and mark the corresponding points on the

nuMber line.

2. Children can compare fractions by locating the points named by

the fractions on the number line, by noticing which point is to

the right of the other (to the left of the other), and therefore

conclude which fraction is greater than (less than) the other.

Materials: five 3" by 30" strips of paper

ttAi



Teaching Procedure:

For this activity, use the number line drawn and marked Oh the board

for Activity I. Put out five of the 3" by 30" strips of paper.

Let five pupils fold the strips so that one-half of one strip shows,

one-fourth of another strip shows any,one-eighth of another strip shows,

one-third o+ another strip shows and one-sixth of another strip shows. Ask

each pupil to write the numeral for the fraction that describes that part

on one part of his strip. Then let the pupils compare the parts they show

and decide which part is longest, which is shortest and so on. Ask them to

place all the parts of the folded strips on a table in order,"from the

longest to the shortest.

1 /2

1/4

1/6

Ask, "Which part of the strip is longer, the part that sc.ows one-

half or the part that shows one-sixth?" (One-half) "We say that the

number IF is greater than the number

Place' the part of a strip that shows one-half along the number line

to remind the pupils that the edge is congruent to the line segment from the

point for 0 to the point for
.1 Show in the same way that the one-sixth

141
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part of a strip has an edge that is congruent to the line segment from

the point for 0 to the point for Ask, "Which line segment is longer,

the line segment that is one-half the wnole line segment from 0 to 1 or

the segment that is one-sixth the line segment from 0 to 1?" (The line

segment that is,onehalf)

Say, "The point for F: is to the right of the point for T. One-half

is greater than one-sixth." Write the following sentence on the board

ar.: ask the ohjldren to read it:

2.et the :.pils to compare the one-third part of a strip and the

one-Lo.rtn part of a strip. (It should be emphasized that the whcde

strips are.all of tne sanne size.) Ask which of the two parts is greater.

(Cre-thir:) Say, "Cre-third is preater than one-fourth." Let two

:upiis find the points ;or Tar: -on the number line. Ask, "Which is

at the right?" ( -) Let a p.pil write this sentence:

1

Say, "We can also ask which number is less than another. If 3. is

greater than
.14

we can say that
14

F is less than . One-fourth is to the

left of
.1Fon

the number line." Let a pupil write the sentence on the

board o show which of the numbers is less:

4 Jp the pupils to use their folded strips and the number line to

Take statements such as the followinc: "If - is less than
I

then the
3 2'

1 .

point for --is to the left of the point for I-on the number line; and
3 2

142



If is greater than
2

for

then the point for is to the right of the point

Compare several pairs of numbers on the number line. Get the pupils

to decide which number of the pair is less and which is greater by noting

which point is to the left and which point Is to the right. Let them write

sentences like these on the board:

1 <1 1 1 1>1 1 1 1 1

8 4 4 2 3 8 2 3 6 4

Ask the pupils to turn to page 44 in their books. Let them write In

the correct symbol, > or < or = , to make each sentence true. Say, "in

each sentence, oWnumber is either greater than, less than, or equal to

the other. Make true sentences by writing the proper symbol." Complete

one sentence on the board as an example.

I I

3 6

Activity 3: Naming points on the number line (oral)

Wective: 11111 I 1

Children can order the fractions 2, 4, 8, 3, 6, 5, 10, 12

on the number line by using folded strips of paper.

Materials: Three 3 by 30" strips of paper and the strips used in

Activities 1 and 2

Teaching Procedure:

Get out three unused 3" by 30" strips of paper and the strios used

in Activities 1 and 2.

Draw the number line on the board, using a strip of pacer to mark

the segment from 0 to I. Let the flupils use the folded strips from

143
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1111
previous activities to mark and name the 7, -5, 717, -6- and points.

1 1 1 1H 4 "I 2 1

Let the pupils discuss the order of the fractions. Help them dis-

cover patterns in the order by noticing that is less than k, that

is less than -41-, that titst-ess than and so on. They should notice

that the point for is between the points for
.14

rand
.12

r, that the point

for
le

is between the points for
i
-and rand so on.

Write the numeral -on +he board in a place apart from the number
5

line. Say, "This is another fraction. Name the fraction.", COne-filithl

"Look at the number line. Can someone guess where the -one-fifth potrit

is?"

Let a pupil put his finger on the place on the number line where he

guesses the point is. Mark it with a small arrow above the line to show

that it is a guess.

L-Or

0 1,1 1

Ask whether any pupils agree. If some disagree, let them inLicate

their guesses by marking other arrows. Let them discuss why they think a

point for r should or should not be where suggested. Help them to disr,

cover that there are several ways to think about where the IT point is. They



may see a pattern. For example, a pupil may say, "The denominators go

8, 6, 4, 3, 2. I
think the denominator 5 goes between 6 and 4. I think

the point for 4 goes between the point for
le

c and the point for

They may think of the line segment from 0 to I as separated into

five congruent line segments. They may think of the paper strip folded

into five parts of the same size and try to imagine the size of one of

them. They know that if the line segment from 0 to I is separated into

five congruent line segments, then the endpoint of the line segment

beginning at point 0 will be named Say, "These are ways that help us

guess where the point is. How can we find and mark the
I

point?

Use another strip of paper folded into five parts of the same size to

locate the one-fifth point and decide whether the pupils' guesses were

good guesses. (Prepare the strip before class. Mark a place on the strip

six inches from one end. Since six inches is one-fifth of thirty inches,

this will help you to fold the strip quickly into five parts of the same

size.)

Let a pupil unfold the strip and count the number of parts of the

same size. Get another pupil to use the folded strip to mark the point

1

5
for

5
Let him write the numeral below the point marked.

Get the pupils to notice that follows the pattern of the numbers

on the number line. There is an order in the denominators, The point

for 4 is between the points for
le

T and
.14

7. Help the pupils to notice also

that to locate -
5
we separate the segment from 0 to I into more parts of

the same size than we did to locate T and that each part is shorter.

145
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Ask, "Where do you thtnk we should put 1"-,4 point for one-tenth? Is

I greater than, or less than i2" (Less) "Will the point be to the right
10 8

or to the left, of the point for i4" Let The pupils guAss the position of .

the point and mark their guesses with small arrows. Then ask, "How can

you find the position of tne point for Tk" Get the pupils to suggest that

the strip folded into five parts of the same size be folded again to show

ten parts of the same size. One of the ten parts of the same size will

represent one-tenth of the paper. Let a pupil fold the strOpo mark the

1

point on the number line and name the point 1-6.

Use the same plan to locate the point'for one-twelfth. The strip

folded and used to find the point for -can be folded ágatn into twelfths,

Activity 4: Naming points and comparing fractions

Objective:

Pupil page 45

1 ;1:1111
Children can order the fractions 2, 4, 8, 3, 6, 5,

10, 12

on the number line by comparing denominators.

Teaching_Procedure:

The purpose of this activity is to guide the pupils toward realizing

that as long as the numerator remains the same, the larger the denominator,

the smaller the fractional part.

Write the following numerals on the board:

I I

4 10 8 3 6 2 5 12

Let the pupils talk about what the numerals mean and whether they are In

order. Draw a vertical number line on the chalkboard. Using strops of paper

1 5



or string, ask the pupils'to heIp you mark and label the positions of the

numerals named above. This exercise prepares them for using the vertical

number line on pupil page 45. kA horizontal number line in the text

would show units too small to mark with ease.)

Ask the pupils to open their boo1-:s to page 45 and read the sentence

at the top of the page. Ask them to find t13 point for 0 on the number

line. Then ask them to find the point for I. Say, "There are other potnts

marked on ihe number line, but the numeral for the number is not always

1

written. Can you find a numeral for point H?"

on the board:
1

Point H is named Ty.

(7-21 Write thts sentence

Say, "You complete each of the oth,..." sentences by choosing one numeral

from the list on the board. Choose the numeral that can be written in

the box to make a true sentence. For example, point A has a number name.

It is the name of a fraction. Write its numeral in the box. Fill in

the other boxes with names of fractions to make true sentences." (Some

childcen may need to fold string or strips of paper to decide which

fraction to use.)

Ask the pupils to look at the Incomplete sentences on the right side

of the page. Go over one sentence with the class. Let a pupil read this

sentence: E
Say, "One-third is less than a number. Can you find its name on the list?"

Get the pupils to notice that there is more than one number that will make

the sentence true. They can choose any number that will make the sentence
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true. One p.Pil mt.qht write "
'

L" another might write "1". Say, "Make
2

the serterce tr.e by writin,2 a numeral in each box." Give help as it is

needed.

TOPIC III: C;UNTING FRACTIoNLLajgmleaLL

OBJECTIVES: 11111111
I. To introduce,multiples of 2, 3, 4, 6, 8, 5, 10, 12.

2. To cive practice in findina and naming fractions with numera-

tor 1 on the number line.

VOCABULARY: no new vocabulary

MATERIALS: a rectanaular piece of paperuabout 5" by 7" for each child; one

square piece of paper about 6" by 6"; three strtps of paper about

2" by 18"; three strips of paper about 3" by 30"; blank numeral

cards; string; pupil pages 46 - 48

Activity 1: Reviewing multiples of fractions

Ob'ectives:

Puptl page 46

(

I. Given paper to fold, the children can use it to find multi-

111111 11
ples of 2,

10' 12
by shading

various parts of the regions and by identifying the fractions

illustrated.

2. Given pictures of circles separated into fractional parts,

children can write the numerals for the ffractions associated

with the shaded parts.



Materials: piece of paper 5" by 7" for each child; one 6" by 6" spt,are

of paper

Teaching Procedure:

Give each child a piece of paper 5" by 7". Ask them to fold the

papers into four parts of the same size. (Suggest t y fold the papers

as shown in the picture below.) Let themAInfold the papers and coJnt

the fourths. Hold up one paper and point to each part in turn as you

count, "One, two, three, fo ra.: Say, as you outline the whole, "This

shows four fourths." Let the children talk about this.

Draw around one of the pieces of paper on the board and draw lines

to separate the region shown into four regions of the same size. Shade

one of the four regions. Ask, "What part of the whole region is shaded?"

(One-fourth) Let the children move their fingers about a region of one-

fourth of their papers. Then let a child write the numeral "IP below the
4

Fhaded part of the region on the board.

'Mr

1

4

Draw on the bdard another rectangle exactly like the first. Shade

two of the four parts one at a time. Say, "I shaded a part of the whole

rectangular region. Count the fourths in the shaded part. What fraction



does the shace :! part show?" (Two-fourths) Let the children move their

fingers atout the :art of their papers that shows two-fourths. Then write

the n...-eral delow the middle of the shaded part. Get the chil-

orer td fold their papers into halves. Guide them to say, "The part we

:all two-fo...rths is the.same as the part we call one-half. Two-fourths

al: cre-half are rames for the same number."

2
4

2r-ah anc:/-7er redtargle like -'hie others oh the board and shade three of the

fos.r carts. Cohtin..e as tefore. Ask the children to count the fourths as

they are shade:. Le- the,' find that the shaded region is three-fourths the

whole rectargular redior. ASK a child to write the numeral for the fractior

Peldw tne shaded

:raw another redtancle ard continue in the same.way as you shade

al! fo.r of the baits. Ask Vle children the name of the fraction that the



reginn shows. Let a child write a numeral for the fraction. Get the

children to say, "All of the region is shaded. We counted four fourths.

4

Four fourths is the same as one whole." Write the sentence T. 1 on the

board to express this idea.

Guide a child to fold a 6" by 6" square of paper to show sixths.

Help him first fold the paper into three parts cf the same size and ther

to fold the paper again to make six parts of the sare size. See the pic-

tures below. Draw around the paper on the board and then draw lines to

separate the rectangular region into six parts of the same size. Use the

same plan to talk with the children about sixths that you used to talk

about fourths. Shade one of the regions at a time and ask, "What part

of the region is shaded?" Get the children to tell the name of the frac-

tion that describes the shaded part and write the numeral for the fractior.

1

6

4

2
6

1 6

6
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As you discuss sixths with the children, emphasize the different

names for the same fraction. c)r- example, the children can look at

the region shaded to represent three-sixths and sea that one-half the

3
rectangJlar region is shaded. This way they discover that Tand ;are

names for.the same number. Ciuide the children to write the sentence

that expresses this:

3. 1
6 2

Let the children say that in the picture for s4x-sixths, the whole

region is shaded. Thue they see that :and 1 are different names for

the same number. Let them write:

=
6

Use the same plan to develop the idea of fractions with other denomt-

nators, such as 5, 3, 8, and 10.

Ask the children to point to the Circle A on page 46 of their books.

Say, "The region of the circle is separated into parts. Are these parts

the same size? Into how many parts has the circular regton been separated?"

(8) "Some of the parts are shaded. What is the name of the fraction that

tells how much of the whole region is shaded?" (Three-eighths) Discuss

the fact that this number, three-eighths, refers to three of eight parts

of the same size. Let someone write the numeral on the board next to the

letter A.

Direct the children to write next to each letter the numeral for the

fraction that describes the shaded region of that figure.

A. C. 7 D. 5 E. 2 F. 3 G. 3 H. 2

8 8 8 8 3 4 6 6



Pupil pace 471
Activity 2: Reinforcing that fractions are numbers

Objective:

Children can name the fractions associated with shaded parts

of regions, lintsegments, and sets and can write the numerals

for the fractioihs.

Teaching Procedure:

Remind the children that we use numbers called fractions when we

talk about parts of whole objects or parts of sets.

.Draw these figures on the board:

Say, "Use a f.raction to describe the part of A, of B, and of C that is

2 2 2

shaded. (3-of the region A is shaded. 3-of region B is shaded. 3-of

line segment C is shaded.) What fraction describes the part of set D

2
that has a ring around it?" (3)

Let the children draw regiors, line segments and sets on the board,

show parts of each thing drawn and assign a fraction to each part, For

example, children may draw these:

3
4

(0;-
0 .0

1
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Review some (or all) of the numbers that the children have used to

descrilbe parts of things. Ask, "What number did you use to describe the

shaded part of circle A? Part of region B?" and so on.

2 of region A was shaded;
3

2 of line segment C was darkened;
3

We darkened 3 of G:
4

We draw a ring around I of set H; and so on.
6

2 3 3 I

Ask, "What'numbers did you use?
3'

-4 What do we call numbers
8' 4 6

with these names? (Fractions) Fractions are numbe-s that we can use to

describe a part of a whole thing or part of a set. What does the 3 mean

2
in the statement, --of region A' is shaded? (It is the number of congruent.

3

par+s into which we separated region A.) What does the 2 mean in the state- .

2ment 11-o+ region A is shaded'?" (It is the number of congruent parts of
3

region A that are shaded.)

Continue to have the chlldren draw regions, line segments, and sets

2
to show fractions such as

'

and T.
5

If more practice is needed, let the children tell what parts of their

figures are unshaded. Emphasize that they are using numbers called frac-

tions.

Ask the pupils to do the exercises on.pupil page 47. While the pupils

work or after they finish, talk with them about the exercises. Exercises

10 and II help the children summarize the lesson.

1 6



Activity 3: 'Showing multiples c4 fractions with

numerator I on the number line

Ob'ectives:

I. Children can find and name multiples of a given fraction on

a number line by fdlding paper strips intc congruent parts.

2. Given pictures of number lines marked to show different frac-

tions, children can write the numerals for the fractions which

name the indicated points.

Pupil page 48

Materials: 2" by 18" s iks\A

\

"Teaching Procedure:

'Draw a line segme9t.on theiboard. Give one child a/2" by 18" strip

of paper and help him to mark points for 0, 1, 2 'and 3 to make a number

line. Let him begin by marking a point for 0 near the left end ot the

line segment. Then use the strip to mark the points for I, 2, and 3 by

placing the left end of the s ip on each- point and marking the next point

to the right end as shown o the following page.

Abk another child to fold p n half. Let im use the folded

strip, holding one end at 0 and marking a point at the otler end to show

one-half. (See the followihg figure.) Let him wit() the liumeral in Just

below the mark. Ask another child to use the same folded tHp to count

and mark the point for two-halves. They will Qiscover thts tsa

point that is marked with the label "1". Let the children lialk ...ibout this

and help them to say that they have found another name for:the
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1 66

, is "two-halves". Ask, "Can you write a numeral for this fraction?" Let

2a child write "..=11 below the point and below the numeral for one.

011=10. OINNer OMNI

Write the following sentence on the board and say, "This sentence tells

us that 'two-halves' and 'one' are names for the same number."

2

= 1

Let a child continue marking points, using the strip folded in half,

as far as the line is drawn. Let the children count the halves and mark

the points: 2., _land so on. Explain that some fractions name the
2 2 2

same points that the whose numbers on the line name, by writing sentences

4 6
such as f= 2 and y = 3.

Point to the mark labeled "0" and say, "Can you think of another name

for this number? How many halves are described by the number 0?" Help

/)t/Ae children to conclude that the pointis for zero-halves. Let a child write

the numeral m2P below the numeral "0".
2

T 1 T -1
1_

1 2 3

0 1 2 3 4 5 6
2. 2 2 2 2 2 2

Draw another number line on the bQard and use another 2" by 18"

strip folded into three parts of the same size to mark thirds. Let the

1 6 6



children mark the points and count the thirds. Follow the steps used with

the number line for halves.

7 8

3 3 3 3 3 3 3 3 3

9 10
3 3

Construct a number line for fourths, for fifths, for sixths, and

for other fractions as needed. Continue to label all points, including

the point for zero, with names for the fractions.

Ask the children to open their books to page 48. Get the children

to notice that each picture of the number line on the page is marked to

show different fractions. Discuss the first picture. Ask, "tnto how

many segments is the segment from 0 to I separated?" (2) Let the

dren find a point that has a numeral box beneath it. Say, "What wtll. you

label this point?" (i) mNrite a numeral in the box." Cher.* to see that

1 1

the children have written "--1 in the proper box. Let them continue to flI
2

all the boxes with numerals.

If needed, the children can use paper strips to help in finding the

fractions for the points.

OBJECTIVE:

To help students discover that if both the numerator and

denominator of a fraction are multiplied by the same

number, we ge another name for the same number.

1 6 .
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Pup l pages -49, 501

158

VOCABULARY: no new vocabulary

MATERIALS: three 2" by 30" strips of paper; a string (I yard); pupil

pages 49 - 54

3ctivity 1: Different names for a fraction

Objectives:

I. Given number lines marked in the same scale (halves, thirds,

fourths, fifths, sixths., eighths), childrian can use string

to find different names for fractions.

2. Given number lines marked in the same scale (halves, thtrds,

fourths, fifths, sixths, eighths), children can use string to

compare fractions.

Materials: three 2" by 30" strips of paper; a string (I yard)

Teaching Procedure:

Draw six line segments on -the board one below the other. Leave

enough space between the lines so that numerals for fractions can be

written below each line. Use 2" by 30" strips to mark the 0, I, and 2

points. The points for 0, 1, and 2 on each line should be just below

those points on the line above.

Let the children fold the paper strips and mark points for halves,

thirds, fourths, fifths, sixths and eighths as shown on the next page.

After all the numerals have been written, let the class check whether

the segments that 'are halves are the same size, whether the segments that

are thirds are the same size and so on. Let them also check to see that

the numerals are in sequence.
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Point to the figure and say, "These are all pictures of the,number

line, the points for halves are marked on one picture, the points\for__

thirds are marked on another picture and so on." Let the children tell

about the idea that 0 in each of the pictures labels the same point on the

number line, that 1 in each of the pictures labels the same point on the

number line, and 2 in each of the pictures labels the same point on the

number line. You can make this clear by stretching a string vertically

from the 0 mark of the top picture to the 0 mark of the bottom picture so

that the string touches the 0 mark of each picture. Do the same for the

point labeled 1. Let them say that this point has many different names.

Ask the children to tell some of the names. Write the numerals on the

board as they name the fractions. Write the symbol = between each pair to

show that the fractions are equa..

2 3 _ 4 5 6 8

1-3-4 -5-6-8

2 2

1
2
2

3
2

Ft
2

0
1 2 3 4

3 3 3 3

()
0 1 2

T 4 4

5 6
3 3

3 4 5 6 7

4 4 T T 4 4

4--6 1 2
i v 1 2 3 4 i_ 6 7 9 iii

-s- -5- -Sr- T. 5 5 -5- 5 5 5 5

6
1 1 1 1 1 I 1 t

1
1 i t i .4.

. 0 1 2 3 4 5 6 7 8 9 10 11 12

6 6 T 6 T 1r .6 ir T 6 6 6 6

1 . 1 1 i 1 1 1 1_ ,_ , 1 I' w 1
0 1 2 3 4 5 .6 7 8 9 11 11 12 13 14 -15 i
If 1

1ir if T 11 s s IF 8 s -8- I- 8 s s --1-

1 (h-00
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Follow the same plan to show different names for the number 2.

4 6 8 10 12 16
2 = Ir

8

Ask a child to choose another fraction and find several different

names for the fraction. If he chooses
'

j
- for example, help him to stretch
2

the string tightly from the top line to the bottom line to see what points

it touches. In this way he can find different names for one-half. Let

another child write the numerals on the board as the names are called.

I 2 3 4= = =
2 4 6 8

Continue with this procedure, asking the children to choose dif-

ferent polnts and test with the string to find the different names for

the points. This plan may be extended to tenths and twelfths by draw-

ing two more number lines.

Let the children open their books to page 49 and read the Instruc,

tions. They are asked to write numerals in the spaces to make true sen,

tences. They are asked to make true sentences in the second part by

using one cf the symbols, =, > or <, in each sentence. Puptl page 50

provides a copy of the chart made by the children On the chalkboard. They

may find other names for the numerals given if they lay a piece of string

vertically across the chart. If they have difficulty in understanding

how to use the chart, you may make a transparency of the chart, showing

it on the overhead projector with pieces of string to help puptls under',

stand.
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a
Act

axc
fvity 2: Discovery of the idea =

b bxc

Ob'ective:

[pupil pages 51:71

Given a fraction, children can find another name for it by

multiplying both the numerator and denominator by the same

number.

Teaching Procedure:

Write the following sentences on the board and say, "Here are some

true sentences you made." Review briefly the idea that the sentences

show different names for the same number.

1 2 1 3 1 2

4 8 4 12 5 10

I 2 2 6 I 2

2 4 4 12 3 6

3 6 2 6 2 4

5 10 3 9 3 6

2 4 I 3 3 _ 6

4 8 5 15 4 8

Discuss these sentences. Guide the children to look for a pattern

or to look for similarities in the pairs of fractional numerals. For

example, ask them to look at all the pairs in the first column. Ask, "Is

there anything you notice about the pairs of numerators?" Help them +-

discover that in every pair the second numerator is two times the first

numerator. Go on, "Is there anything you notice about the pairs of denomi-

nators? Help them to discover that in every pair the second denominator is

two times the first denominator.

Ask them to look at the pairs in the second column. Again, guide

them to see the relationship between the pairs of numerators and the

pairs of denominators. In these examples, they find that the numerator

and denominator of the second fractional numeral are three times the

161
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numerator and denominator of the tirst. Go on to the third column and

compare the pairs in the same way.

In discussing the sentences, help the children to conclude that if

both the numerator and denominator of a fractional numeral are multiplied

by the same number we get another name for the same fraction.

Ask, "Do you think this will be true for any fraction we choose?"

Let the children suggest other fractions and test their conclusion. in

rrany cases they can use the number lines from Activity I to check the

result.

Choose some of the sentences from the board and write sentences like

these to help the pupils. understand the idea.

I I x 2 2

4 4 x 2 8

I I x 3 3

3 3 x 3 9

2 2 x 2 4

3 3 x 2 6

Ask the children to open their books to page 51 and complete tfte

sentences. The first sentence is completed as an example.

If pupils experience no difficulty with this page, ask them to use

the same pattern -k) find another name for the fractions on pupil page 52.

Accept any correct answtIrs for questions 6 and II, but give special notice

to pupils who name these numbers 2 and I.

For children having trouble with pupil page 51, provide them with

additional practice work before letting them find another name without

using the written pattern.



Activity 3: Fractions and the number line

Objectives:

I. Children can count by halves, thirds, fourths, sixths,

tenths, and twelfths from 0 to 2 using a number line.

2. Given a fraction, children can find other names for it

by using a number line.

Teaching Procedure:

Review the meaning of the words denominator and numerator. Ask,

0 I 2 3 4
"What are the denominators of 2, 2, 2, 2, 2, ...? (2) What does the

3 9
2 mean in Tand y? (It tells the number of congruent parts of the unit

1 Pupil pages 53, 541

segment.) What are the numerators? (0, I, 2, ...) What does the numera-

3

2
tor 3 mean in --?" (It tells the number of congruent parts we counted.)

Draw on the board the number line as shown below. As you draw the

line, get the children to say that each line segment between consecutive

whole numbers is separated into halves:

0 1 2 3 4 5

Put a finger on the first point to the right of the 0-point that marks a

line segment of unit length. Ask, "What number should we assign to this

point?" (.7) Let a child write under this point. Say as the child

writes "He is assigning a number to the poi.nt. Its name is Put a

finger on the next point, the l-point. Say, "This is the l-point. What

2
fraction can you assign to the point?" (--.) Continue in this way until

2
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all the marked points to the right of the 0-point have fractions assigned

0
to.them. Ask, "How many halves is 0?" (Zero halves) Write Tunder the

0-point. The number line now looks like this:

0 1 2 3 4 5
I 1 1 1 1

2 2 2 2 2 2 2 2 2 2 2

I -2 3
Ask, "Can you count by -24s?" (T, Let the children imagine

the number line continuing to the right as they count. Vary the activity

8 Iby letting the pupils skip count backwards from say T to .D by -es and then

2
by ys, etc. Sometimes let them use their eyes, and other times suggest

that the children not look at the number line as they count.

Ask the children to count by thirds, fourths, sixths, tenths and

twelfths.

Have one pupil labeling a number line on the board as they count,

Ask the pupils to turn to pupil page 53' and work the exercises. Ask

the children to see if they can work the challenge problems on puptl page 54.
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UNIT 7

Techniques of Addition and Subtraction of Whole Numbers

OBJECTIVES:

I. To review techniques of addition of whole numbers.

2. To extend techniques of addition to addition of three addends

3. To review techniques of subtraction of whole numbers.

4. To achieve mastery of techniques of addition and subtraction

of whole numbers.

5. To develop the ability to express the mathematical relation-

ships in a word prsblem as a mathematical sentence; to find a

number that makes the mathematical sentence true; to answer

the question asked in the problem.

BACKGROUND INFORMATION FOR TEACHERS:

This unit, for your convenience, contains extra problem pages labeled

"Supplementary Pages', These pages can be used for review or for more

practice by those students who need more work. Furthermore, the teacher

commentary for certain activities has been divided into two sections: One

for those students who are having difficulty with the concept (Group l)

and one for those students who are having little or no difficulty (Group II).

Two complete activities (Activities 4 and 5) are suggested for Group I only.

We will discuss briefly the ideas on which the techniques of addition

and subtraction are based.
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Addition The expanded form of numerals together with the proper-

ties of addition are used in a short form for addition. For example:

475 400 + 70 + 5

367 300 + 60 + 7

700 + 130 + 12

(Expanded form)

(Expanded form)

(add ones; add tens; add hundreds)

700 + (100 + 30) + (10 + 2)

(700.+ 100) + (30 + 10) + 2

800 + 40 + 2

842

(Rename 130 and 12)

(Associative property)

(add hundreds, add tens)

(Rename)

\The pro ess used in the short form may be described as follows:

Think of 475 as 4 hundpeld.57,7 tens and 5. Think of 367

367J as 3 hundreds, 6-1ens and 7.

2. Add the ones. 5 + 7 = 12. Rename 12 as 1 ten and 2 ones.

Write 2 in the ones' place of the sum. Remember 1 ten.

3. Add the tens. (1 + 7 + 6) tens = 14 tens. Rename 14 tens

as 1 hundred and 4 ters. Write 4 in th tens' place of the

s. er I t....-dred.

--e nL,-dreds. (I 4- 4 + 3) hundreds . 8 hundreds. Write

'%.-dreds'place of the sum.

is :342../0"

S.,:traction As an example, find the number that makes This sen-

Te-ce True:

475 - 67 = n

Jsin The'expanded form we have

475 400 + 70 + 5

367 300 + 60 + 7

166
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We first find the ones' digit in the numeral for n. There are Dot

enough ones in the ones' place of 475 to subtract 7. So we rename 475

to give:

475 400 + 60 + 15

367 300 + 60 + 7

100 + 0 + 8

108

The process used in the short form may be ;:esoied as follows:

475 I. Think of 475 as 4 hundreds, 7 te-s 5. Think o-f. 367 as

367 3 hundreds, 6 tens and 7.

108 2. There are fewer ones in the ones' :laze 0= 475 --a- --e

ones' place of 367. Rename 475 as 4 k.n:re:s, 6

15 ones. Subtract the ones. 15 - 7 8. -s H --e

ones' place of the missing a:den.

3. Subtract the tens. (6 - 6) tens = -e-s. 6-7-e --e

tens' place of the missing addend.

4. Subtract the hundreds. (4 - 3) hndres = 1

1 in the hundreds' place of the r-issF-2 a::a-:.

5. The missing addend is 108.

OBJECTIVES:-

I. To review the meaning of addition.

2. To review techniques of addition using exDance:1

3. To review renaming in addition.

4. To extend addition to,three, four, an: r-cre rur-ters.

VCCABULARY: estimating
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MATERIALS: pupil pages 55 - 77

Activity 1: Review of meaning of addition

Ob'ective:

IPupil pages 55 - 57

Children can add two numbe,-s, each less than 100, without

regrouping and without using expanded form.

Teaching Procedure:

Tell the pupils the following word problem:

Mr. Ball has 62 cows. Mr. Green has 35 cows. How many cows have

they altogether?

Ask questions such as the following to help the pupils understand

the problem:

What does the problem tell us? (Mr. Ball has 62 cows, and Mr.

Green has 35 cows.)

What question, is asked in the problem? (How many cows have they

altogether?)

How can we find the number of cows they have altogether? (By

adding the number of Mr. Green's cows and the number of Mr. Ball's cows.)

Guide the pupils to suggest the mathematical sentence below. Let

a pupil write it on the board.

62 + 35 n

GROUP I: Ask, "What is missing in this sentence, an addend, or

the sum?" (Sum) "How can you find the sum?" (By adding 62 and 35)

'Say, "It will help us to add if we think of these numbers in expanded

form." Ask the pupils to rename eaCh number in expanded form. As they

1 7



tell you the expanded forms, rewrite the mathematical sentence on the

board as follows:

60 + 2 + 30 + 5 = n

Ask the pupils if this mathematical sentence is the same as the

first senteme they wrote. (Yes) Let them tell why. (The le numbers

are in both mathematical sentences. The numbers iust have different

names.)

Say, "Who can remember how we added two numbers in Unit 2?" GuiJe

chilJten to tell about the steps. (Sentences at right are the steps;

they Ji* for your usc and should not be written qn the board.)

62 60 + 2 (Rename each addend in expanded form.)

+35 30 + 5

90 + 7 (Add ones, then tens.)

97 (Rename the sum in its simplest form.)

Write the vcrtical form for the process of addition as shown below.

Say, "Let us sho, the addition of 62 and 35 another way."

62

+35

Guide the pupils to think as described to the center and right below. Write

oniy what is shown on the laft belo (Tell them to first add the number

of ones and then the number of tens.)

62 2 ones + 5 ones = 7 ones. Write 7 as shown.

'

+35

7 6 tens + 3 tens = 9 tens. Write 9 tens (90) as shown.

+90

97 7 ones + 9s'tens = 97. Write 97 as shown.

169

4



170.

Say, "You found the sum, 97. Can you makp your Mathematical Sentence

true?" Guide a pupil to write the following sentence:

62 + 35 = 97

Say, "You adde numbers to find out something about Mr. Ballls and

Mr. Green's cs& What gd'iStion did the problem ask about the cows?"

(How many cowp do the men have altogether?) "Can you answer the ques-

tion asked by the problem?" (They haq-6-91 cows altogether.) Write the

following incomplete sentence on the board. Let a pupil complete it.

They have 97 cows altogether.

Note: If any of the pupils need more help in addition, let them

show the exercise with bundles of sticks in a place value box.

Write the following sentence on the board:

46 + 12 = p

Use the vertical form for the process of addition. Let the pupils write

the exercise as shown on the left below. Guide the pupils to Thtnk as

described or the right.

46 6 ones + 2 ones . 8 ones. Write 8 as shown.

+12 4 tens + I ten = 5 tens. Write 5 tens (50) as shown.

8

+50

58 8 ones + 5 tens = 58. Write 58 as shown.

Now help the pupils to see that the form used above may be shortened

_

in the following way. (Emphasize that the numbers of ones are added first,,

then the numbers of tens.)

46

+12

58

Add the number of ones: 6 + 2 = 8. Write 8 in the

ones' p'ace.

Add the number of tens: 4 + 1 = 5. Write 5 in the

tens' place

46 + 12 = 58 100



'12r..fr\c
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Get the pupils to talk about the two forms they have just used to

show the addition of 46 and 12. Help them to decide that the last

form saves time. Tell them to use it if they understand it.

GROUP 11: Ask, "What is missing In this sentence, an addend or

the sum?" (sum) "How can you find the sum?" (By adding 62 and 35.)

Use the vertical form of the process of addition. Review the sho-t

technique for addition by guiding the pupils to think as described on

the right. Write only what is shown on the left below. (Emphasize add-

ing the number of ones first, then the number of tens.)

62 Add the number of ones: 2 + 5 = 7

+ 35 Write 7 in the ones'. place.

97 Add the number of tens: 6 + 3 = 9

Write the 9 in the tens' place.

GROUPS 1 AND 11: Ask the pupils to open their books to page 55.

Help them work one exercise on the board. Then let them work the rest

of the exercises in their books. Give help as needed. As you help, get

c:he pupils to tell you what they think as they add.

- Pages 56 - 57 are supplementary pages. They may be used as needed

by the pupils now or later. Some will not need to work any of the exer-

clses; some will need to work part of the exercises; and some will need

to work-all of the exercises.
r i

Activity 2: Addition of three numbers Pupil pages 58 1_60.]

Ob ective:

Children can add three numbers, each less than 1004 without

Lising,expanded form.
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Teaching Procedure:

Tell the pupils this problem:

John gave me 23 nuts, Jose gave me 34 nuts and Mary gave me 32 nuts.

How many nuts did they all givOne?

Ask questions like the following to help the pupils understand the

problem:

What does the problem tell us? (John gave me 23 nuts, Jose gave me.

34 nuts and Mary gave me 32 nuts.) What question does the problem ask?

(How many nuts did they all give me?) How do we find the number of nuts

they gave me? (We adc: the numbers.) How do we show this in a mathematical

sentence?

Guide the pupils to suggest the mathematical sentence below. Wrtte

the sentence on the board.
0

23 + 34 + 32 = c

Say, "This problem is about three sets of nuts. We could Join these three

sets in many ways and the result would always be the same. We would

always have the same number of nuts. How can we add the three numbers?"

Guide the pupils to suggest, "We add two numbers at a time. We can add 23

and 34 first. Then to their sum we add 32." As they say this, write

(23 + 34) + 32 = c. Guide them to say, "We could add 34 and 32 first and

then add this sum to 23." As they say this, write 23 + (34 + 32) = c.

Ask, "Are you sure that each of these ways of grouping the numbers gives

the same sum?" (Yes) Say, "We can group numbers in either of these ways

because of the associative property." If any of the pupils are unsure, let

them try both ways. (If needdd, let the pupils form sets and Join them to

show the problem.)
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Point to this sentence on the board. (Erase the other sentence.)

Say, "We wisl use thls sentence."

(23 + 34) + 32 = c

Guide the pupils to add the first two addends as shown below to the left.

The sum is 57. Then help them to add this sum and the third addend as

shown below on the right.

23 57

+34 +32

57 89

Ask, "What is the sum of the three oumbers?" (89) Write this sentence:

c is 89.

Ask, "Could we put these steps together into one step? Let us try?"

Write tile adden as shown:

23

34

32

Note: The pupils may group the addends together in etther an up-

ward or downward direction. The sum is the same. Choose one way (down-

ward is used is this book) and get the pupils to follow it. Later they

will learn to group first in one direction (up or down) and then to

group in the other direction to check their work.
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Guide the pupils to first add the number of ones and then add the

number of tens. They will write the exercise as shown on the left

below. Their thinking will be somewhat as described on the right.

23 3 ones + 4 ones = 7 ones; 7 ones + 2 ones = 9 ones

34 Write 9 in ones/ place, as shown.

+ 32

89 2 tens + 3 tens = 5_ tens; 5 tens + 3 tens = 8 tens.

Write 8 in tens' place, as shown.

Point to the sentence and ask, "Have we found the number that makes our

addition sentence true?" (Yes, the number is 89.) Write

23 + 34 + 32 = c

c is 89.

Say, "Our problem was about nuts. What question did it ask?" (How

many nuts did they all give me?) If the pupils are unable to tell the

question, tell them the siory again and let them tell the question. Then

ask for an answer to the question. (They all together gave me 89 nuts.)

Write the following incomplete sentence on the board. Ask a pupil to com-

plete the sentence.

They gave me 89 nuts.

Ask the pupils to open their books to page 58. With the help of the

pupils, work several of the exercises on the board. Guide the pupils as

they work the other exercises in their books. Make sure they understand

the process of addition.

You and the pupils may use pages 59 and 60 as needed. You may wish

to use them later as review.
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Activity 3: Review of the techniques of addition

using expanded form

Ob ective:

Pupil pages 61, 62

Children can use the expanded form to add two numbers, each

less than 100, with regrouping for the sum.

Teaching Procedure:

Write this problem on the board:

Tom's father bought bricks for a new Nouse. He bought 316 bricks in

the first week, 248 bricks in the second week, and 122 bricks in the

third week. How many bricks did he buy in the three weeks?

Ask, "What question Is asked in the problem? (How many bricks did

Tom's father buy in the three weeks?) What do you know about the problem?"

(We know the number of bricks Tom's father bought in each of the three

weeks.) Help the children to make a mathematical sentence for the problem.

Let a child write this sentence on the board:

b .,-. 316 + 248 + 122

GROUP I: Guide the children to write the numerals in vertical form

to find the sum of the numbers. Get them to write the expanded form of the

numerals and then to add, the ones, the tens, and then the hundreds. The

work on the board will look like this:

316 300 + 10 + 6

248 200 + 40 + 8

+ 122 100 + 20 + 2

600 + 70 + 16

600 + 70 + 10 + 6

600 + 80 + 6 .

686

1SL,
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Point to the mathematical sentence and ask, "What is b? (b is 686) Can

you answer the question in the problem?" (Tom's father bought 686 bricks

in the three weeks.)
i7

Ask the pupils to open their books to pupil pages 61-62 and do the

exercises. Encourage students to do problems 1 and 2 without renaming. If

needed, help the children work one or two exercises on the board. Let

the pupils, who can, add the numbers without writing the numerals in ex-

panded form.

GROUP II: Write the addends in vertical form, as shown on the left

below. Guide the N.kpils to think and write as described on the right.

Suggestions are given to you in parentheses:

316 6 ones + 8 ones = 14 ones. 14 ones + 2 ones =

248 16 ones. (Say, "Think of 16 ones in its expanded
+ 122 form as I ten + 6 ones. Remember the I ten.

686 You will add it with the other tens.") Write 6

in the ones' place. I ten + I ten 2 tens;

2 tens + 4 tens = 6 tens; 6 tens + 2 tens = 8 +ens.
Write 8 in the tens' place. Add the number of

hundreds. 3 + 2 = 5; 5 + 1 = 6, Write 6 in the

hundreds' place.

Point to the mathematical sentence, b = 316 + 248 + 122 and ask, "Do

you know the number that makes the mathematical sentence true?" (Yes,

the number 686 makes the sentence true.) "Can you answer the question

in the problem?" (Tom's father bought 686 bricks in the three weeks.)

Ask the pupils to open their books to pupil pages 61 - 62 and do

the exercises. If needed, help the children work one or two exercises

on the board.
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Activity 4: Renaming in addition (Group 1 only)

Ob ective:

[-P7pil page 63

Children can add two or three numbers, each less than 1,000,

with regrouping for the sum, using the short form.

Teachinglaure:

Write this sentence on the board:

35 + 27 = p

Write the addends in vertical form, as shown on the left below. Guide

the pupils to think and write as described on the right. Suggestions

are given to you in parentheses.

35 5 ones + 7 ones = 12 ones. (Say, "Think of 12 ones in its

+27 expanded form as I ten + 2 ones.

62 Remember the I ten. You will add it with the other tens.")

Write 2 in the ones' place. 1 ten + 3 tens = 4 tens;

4 tens + 2 tens = 6 tens. Write 6 in the tens place.

Let the pupils tell how they add 35 and 27. They will say something like

this: "We add 5 ones and 7 ones. The sum is 12. We think of 12 ones as

1 ten and 2 ones. We remember 1 ten and add it to the other tens. We write

2 in the ones' place. We add I
ten, 3 tens, and 2 tens. The sum is 6 tens.

We write 6 in the tens' place. The sum of 35 and 27 is 62." Point to the

mathematical sentence 35 + 27 = p and ask, "Have we found the number that

makes this sentence true?" (Yes, 62 is the number.) Write

35 + 27 = p

p is 62.

Tell the pupils this Jrd problem:

There are 513 boys and 429 girls in Merrydale School. How many

pupils attend Merrydale School?
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It is very important that the pupils learn to express the relation-

ships of the numbers in a problem as a mathematical sentence. The follow-

ing questions will help the pupils to think of a mathematical sentence.

Answers the pupils may give are suggested.

What does the problem tell us? (There are 513 boys and 429 girls in

Merrydale School.) Whe question does the problem ask? (How many pupils

attend Merrydale School?) How can you find the number of pupilk at

Merrydale School? (By adding the number of boys and the number orgirls.

Add 513 and 429.) What mathematical sentence shows this?

By questions of this type, guide the pupils to suggest the sentence

below. Write the sentence on the board.

513 + 429 = p

Ask, "How do you find p?" (By adding the numbers) Write the addends in

vertical form, as shown below at the left. Guide the pupils to think

about the addition in the way shown at the right below. The writing on

the board will be like that at the left below.

513

+ 429

First add the number of ones. 3 + 9 = 12. Rename 12 ones

as 1 ten and 2 ones. Remember I ten and write 2 in the

ones' place. Add the number of tens. I + 1 = 2; 2 + 2 = 4..942

Write 4 in the tens' place. Add the number of hundreds.

5 + 4 = 9.

Write 9 in the hundreds' place.

Point to the mathematical sentence 513 + 429 = p and ask, "Do you know

the number that makes this sentence true?" (Yes, p is 942.) Write

513 + 429 = p

p is 942.

18;



"We made this sentence for a problem about Merrydaie School. What ques-

tion did the problem ask?" (How many pupils attend Merrydale School?)

Ask, "Can you answer the question asked by the problem?" (942 pupils

attend Merrydale School.) Write the following incomplete sentence on

the board. Ask a pupil to complete it.

942 pupils attend Merrydale School.

Get the pupils to open their books to page 63. Help them to work

one or more of the exercises on the board. Then guide them as they

work the rest of the exercises in their books.

Activity 5: Review of techniques of addition

(Group I only)

Objective:

\

Pupil page 64

IP

Children can add two or three numbers, each less than 1000,

with regrouping for the sum using the short form.

Teaching Procedure:

Write the following sentence on the board:

771 + 649 = a

The pupils will suggest adding the numbers and writing the addends in

vertical form. Guide the pupils to think and write in this way:

771 First add the number of ones. 1 + 9 = 10. Rename 10 ones

+ 649 as 1 ten. Remember 1 ten and write 0 in +he ones' place.

1420 Add the number of tens. 1 + 7 = 8; 8 + 4 = 12. Rename 12

tens as 1
hundred and 2 tens. Remember I hundred and write

2 In the tens' place. Add the number of hundreds. 1 + 7 = 8;

8 + 6 = 14. Write 14 hundreds as I
thousand and 4 hundreds.
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Point to the mathematical sentence 771 + 649 = a and ask, "Do you know

the number that makes the mathematical sentehce true?" (Yes, the num-

ber 1420 makes the sentence true.) Write

771 + 649 = a

a is 1420.

Tell the pupils to open their books to page 64. Help them to work

one or more exercises. -Ask the pupils to work the rest of the exercises

in their books. Go around the class giving help as needed. Ask the

pupils to tell you what they think as they add.

Activity 6: Extending addition of three numbers

Ob'ective:

Puptl pages 65, 66

Children can add two or more numbers, each less than 101000,

with regrouping for the sum using the short form.

Teaching Procedure:

Tell the pupils the following word problem:

From January to April Mr. Miller, a salesman, traveled 1952 mtles,

From May to August he traveled 2763 miles, and from August to December

he traveled 3124 miles. How far did Mr. Miller travel in the year?

Ask the pupils to think of a mathematical sentence for the problem.

Ask questions to help them think and write this sentence:

1952 + 2763 + 3124 = n

Ask, "How can you find n?" (By adding the numbers) Let a pupil write the

addends as shown on the left. Help the pupils to add numbers. Guide

them to think about addition as shown on the right.



I. Add the number of ones. 2 + 3 = 5; 5 + 4 = 9. Write 9 in the

ones' place. Add the number of tens. 5 + 6 = 11; 11 + 2 = 13.

Rename 13 tens as 1 hundred and 3 tens. Remember 1 hundred and

write 3 in the tens' place. Add the number of hundreds.

I + 9 = 10; 10 + 7 = 17; 17 + 1 = 18. Rename 18 hundreds as

1
thousand and 8 hundreds. Remember 1 thousand and write 8 in

the hundreds' place. Add the number of thousands. 1 + 1 = 2;

2 + 2 = 4; 4 + 3 = 7. Write 7 in the thousands' place.

Point to the mathematical sentence 1952 + 2763 + 3124 = n and ask, "Do

2763

+ 3124

7839

you know the number that makes the sentence true?" (Yes, the number is

7839.) Write

I952,+ 2763 + 3124 = n

n Is 7839.

Say, "This sentence came from a problem about Mr. Miller and how

far he traveled.\ What did the problem ask?" (How far did Mr. Miller

i (

travel in the yer?) "Can you answer the question?" (Mr. Miller

traveled 7839 miles in the year.) Write the following incomplete sen-

tence on the board. Ask a pupil to complete it.

Mr. Miller traveled 7839 miles in the year.

Tell the pupils to open their books to page 65. On the board work

one or more exercises with the class. Tell the pupils to work the other

exercises in Teir books. Go around the classroom. Guide the pupils as

they write mathematical sentences. Listen to them tell what they think

as they add. fthis will help you help them develop good habits of work.

Pupil 66 may be used by those pupils who need more exercises.
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Activity 7: RevieW of the techniques of addition ['Pupil pages 67 71

using the short form

Objective:

Child'en can add two or more numbers, each less than 10,000,

with regrouping for the sum using the short form.

182

Teaching Procedure:

Write the following on the board:

There are four schools in a town. In the first school the total

number'ol pupils is 684, the second has 360 pupils, the third has 844

pupils, iind the fourth has 285 pupils. How many puptls are there al
' i

together* in the four schools?

Ask, "What question does the problem ask?" (How many puptls are in

all four schools?) Guide the children to see that they can ftnd the

answer by adding the numbers of pupils enrolled in the schools. Let a

child write this mathematical sentence on the board: !

. 684 + 360 + 844 + 285 = m

Say, 'it 1.% easier to add these numbers if you write the numerals

in vertical fc-m." Write the numerals in the form to the left below and

guide the work as ;hown to the right:

684 I. Think of 684 as 6 hundred, 8 tens and 4 ones; think of

360 360 as 3 hundreds and 6 tens; and so on.

844 2. Add the ones. 4 + 0 + 4 + 5 = 13. Rename 13 as 1 ten

+ 285 and 3. Write 3 in the ones' place of the sum. Remember

2173 I ten.

3. Add the tens. (1 + 8 + 6 + 4 + 8) tens = 27 tens. Rename

. 27 tens as 2 hundreds and 7 tens. Write 7 in the tense

place of the sum. Remember 2 hundreds.



4. Add the hundreds. (2 + 6 + 3 + 8 + 2) hundreds = 21 hun-

dreds. Rename 21 hundreds as 2 thousands and 1 hundred.

Write 2 in the thousands' place and I in the hundreds' place

of the sum.

persum is 2173.

Point to the mathematical sentence and ask, "What is m? (m is 2173) Can

you answer the question in the problem? (There are 2173 pupils in the

four schools.)

Let the pupils do the exercises on pupil pages 67 - 71.

Activiaji: Adding three or four numbers

Objective:

Pupil pages 72, 73

Children can add three or four numbers in the thousands using

the short form.

Teaching Procedure:

In this activity, the children add three or four numbers, some with

sums that exceed 10,000. Encourage the use of the vertical form in writ-

ing the exercises. Review often the ideas of place value In decimal

names and renaming. Addition in this activity includes renaming in two

places. (Note that because of the use of renaming, the word "carrying"

is not necessary. 'lithe words used in this program help to develop mean-

ing: the word "carrying", we feel, does not.)

Write this story problem on the board:

Jamestown is divide into three sections. In the first section,

there are 1134 people;. in the second, there are 1376 people; and In the

third, there am 2244 people. How many people are there in Jamestown?
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Let the pupils talk about the problem and tell what it asks. Say,

"How can you find the number of people in Jamestown?" (Add the numbers

of people in the three sections.) Let the children make a sentence about

the number of people in the town and lei a child write:

1134 + 1376 + 2244 = n

Guide the children to find n by writing the exercise in the form to the

left below and thinking as to the right:

1134 1. Think of 1134 as I thousand, I hundred, 3 tens and 4;

1376 of 1376 as I thousand, 3 hundreds, 7 tens and 6; and

+ 2244 so on.

4754 2. Add the ones. 4 + 6 + 4 = 14. Rename 14 as I ten and

4. Write 4 in the ones' place of the rum. Remember

I ten.

3. Add the tens. (I + 3 + 7 + 4) tens . 15 tens. Rename

15 tens as 1 hundred and 5 tens. Write 5 in the tens'

place of the sum. Remember 1 hundred.

4. Add the hundreds. (I + 1 + 3 + 2) hundreds . 7 hund-

reds. Write 7 in the hundreds' place of the sum.

5. Add the thousands. (I + I + 2) thousands . 4 thou-

sands. Write 4 in the thousands' place of the sum.

6. The sum is 4754.

Guide the class to see that to add they always start by adding the

number of ones, then the tens, then the hundreds, and so on. Renaming

is done whenever necessary. Go over the process again, adding up if the

children added down. Ask them to do the renaming and to give the sums.



Guide them to see that this change in the order of adding is a check.

When the addition has been checked, ask, "What is n? (n is 4754.) Can

you answer the question in fhe problem?" (Yes. There are 4754 people

in Jamestown.) Do Amother example with the children in a similar way.

You or the children may make up a problem which gives a sentence like

this:

4823 + 3406 + 1143 + 2952 = n

Let the pupils turn to pupil page 72. Say, "In exercises 1 through

6, some of the numbers are shown in code. A letter of the alphabet is

the code name for a number. If the same letter is used more than once

in the same problem, it represents the same number. Look at Exercise 2.

The letter N is used twice, but both N's represent the same number. If

you study the exeryses carefully, you will be able to tell what number

each code letter stands for."

Let the pupils do the exercises on pupil pages 72 and 73. Encourage

them to write the cAumerals in each exercise in vertical form before

adding. If they have difficulty, help them do a few more examples.

Activity 9: Adding more than four numbers

Ob'ective:

Pupil pages 74 - 77

Chi'dren can add three or more numbers, each less than one

million, using the short form.

Teaching Procedure:

In this activity only the vertical form is used in addition. Renam-

ing may be needed In any or all places. If more help is needed use
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examifles with ,three addends in which renaming is done in only one place,

then two places, and so on. Some examples you may use for review are:

I. 14763 2. 7466 3. 21376

11004 6120 4174

+ 4114 + 3349 + 7212

29881 16935 32762

Write the following story problem on the board:

A farmer has five farms. At harvest time his children ptcked the

fruits. In the first farm they picked 5423 fruits; in the sscond farm

they picked 4916 fruits; in the third farm they picked 7013 fruits, in

the fourth they picked 11,246; and in the fifth they picked 8129 fruits.

How many fruits did they pick altogether?

Ask, "What does the problem ask? (How many fruits dtd the children

pick altogether?) Let n be that number. How do you find n? (Add the

number picked in each farm.) Let a child write a sentence to show this:

5423 + 4916 + 7013 + 11,246 + 8129 = n

Guide the children to see that to add so many numbers it helps to arrange

the numerals in vertical form as shown below:

5423

4916

7013

11246

+ 8129

36727

Let a pupil show and explain the work at theard. Ask, "What is

the sum?" (36,727) Encourage the children to check the sum by adding the

other direction also.
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Let the children answer the question in the word problem. (n is

36,727. Since n is the total number of fruits picked by the children, the

answer to the question is this: 36,727 fruits were picked by the children.)

Ask the children to do the exercises on pages 74 and through 77. These

exercises may be done in several different lessons.

When a change of activity Is indicated, allow problems to be solved

in this manner:

Ask several children to write problems from the lesson (a different

one for each child) on the board. Before working, each child chooses a

"checker" who will check his work by working the same problem at his desk

and comparing the sums. Repeat the process until all have had aturn

working at the board or checking at their desks.

In story problems, encourage the children to begin by writing a

mathematical sentence about the story. Then they add the number with the

numerals arranged in vertical form. The final step is to answer the ques-

tion asked in the problem.

12,12.W.11LNIZE
OBJECTIVES:

I. To review the meaning of < and > using addition.

2. To review the properties of addition and subtraction,

VOCABULCY: magic square

MATERIALS: pupil pages 78, 79

Activity I: Using the symbols < and >

Ob'ective:

Pupil page 78

Children can compare a sum ana a number using thelksymbols >, < or =.
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Teaching Procedure:

Tell the pupils the following word problem:

A school ordered 2 gross of exercise books (I gross = 144). The

school received 4 boxes with 60 exercise books each box. Did the

school receive all the exercise books that were ordered?

Let the pupils talk about the problem. Guide them to say, ong

other things:

We need to know how many exercise books were ordered. We need to

know how many exercise books were received. We need to decide if as many

books were received as were ordered.

Help the pupils to think in a way similar to this:

The school ordered some books (144 + 144). The school received some

books (60 + 60 + 60 + 60). We need to find whether the number of books

ordered is the same as the number of books received. We can write a

mathematical sentence that is incomplete:

144 + 144 60 + 60 + 60 + 0

We must decide which of the following goes in the sentence to make it

true:

= >

Gufde them to decide that 288 > 240 so 144 + 144 > 60 + 60 + 60 + 60 and all

the exercise books were not received.

Write this incomplete mathematical sentence on the board:

37 + 73 100

Ask, "What symbol, =, > or < can you put in this sentence to make it true?"

Guide the pupils to say, "We must add 37 and 73." Let them add the num-

bers and decide that 110 is greater than 100 and write

110 > 100.



Ask the pupils to open their books to pupil page 78. With pupils'

help, work one or more of the exercises on the board. Let the pupils

work the other examples in their books.

Activity 2: Magic squares

Ob ectIve:

Pupil page 79

Children can add and subtract to find the missing numbers

in a magic square.

Teaching Procedure:

Magic squares are used in this activity to give the pupils practice

in adding and subtracting numbers.

Draw the frame for a 3 by 3 magic square on the board as shown below:

Sum: 15

Say, "This is a magic square. It Is not complete. We will finish it in

this way." Then give the directions below:

I. Each of the nine numerals 1-9 goes in one of the nina regions

of the frame. We will find where thfy go and write them there.

When a numeral is written in one region, we may not write it

in any other region.

2. We will wriie the numerals in such a way that ihe sum of the

three numbers represented by the numerals in any one direction

is the same. The three numerals will be in rows, in columns,

or on a diagonal.

19bi
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3. In this magic square the sum of the three numbers is 15. The

sum of the numbers represented by the numerals in each row is

15. The sum of the numbers represented by the numerals in each

column is 15. The sum of the numbers represented by the numerals

on each diagonal is 15.

15

15

1 15 15
,

4-1 /k r
4
se 1

L
t

`ak--
I NI

15

15

15

15

-Sum: 15.

Say as you write in the numerals shown belov" "I will write some of the

numerals in the magic scluare. You find the correct numerals for the other

redions."

1
4ro.

Sum: 15

Sav, "Le- JE: first find the n1Jmeral to write in the center region. What

ru-e,-al goes in the center of the frame? How can we find it? Look at the

den-er row. What addition sentence can you make?

9 + n + I = 15
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Get the pupils to look at the center column, and Write

3 + n + 7 = 15

Ask, "What number will make each of these sentences true?" (5) If

Pupils have difficulty in discovering the number 5 in the first sen-

tence, guide their thinking in this way:

9 + n + 1 = 15 or

9 + 1 + n = 15

Add 9 and I:

10 + n = 15

Write this subtraction sentence:

n = 15 - 10

Subtract 10 from 15:

n is 5

The pupils should think in a similqrway about the second sentence:

3 + n + 7 = 15

3 + 7 + n = 15

Add 3 and 7: .

10 + n . 15

Write this subtraction sentence:

n = 15 - 10

Subtract 10 from 15:

n is 5

After the pupils understand that the numeral 5 goes in the center

region, they will need to experiment with the other rows anC columns.

Let them try numerals in regions and decide whether the numerals are in the
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correcf region. If they follow the rules of the game, they will soon

find where to write the other numerals. The answers are shown below but

let the pupils discover the answers for themselves.

4 3 8

9 5 1.

l

2 7 6

Ask pupils in turn to write on the board true addition sentences that the

magic square shows.

The following sentences are true. (The sentences may be written in

other forms.)

Rows Columns Diagonals

(4 + 3) + 8 = 15 (4 + 9) + 2 = 15 (4 + 5) + 6 = 15

(9 + 5) f I = 15 (3 + 5) + 7 = 15 (2 + 5) + 8 = 15

(2 + 7) + 6 = 15 (8 ± 1) + 6 = 15

Encourage the pupils to use parentheses to show which two numbers

they add first (associative property).

If the pupils enjoy this activity, give them other magic squares

to solve. In the one that appears on the next page, the rules are the

same as those stated for the magic square above except for these; the

sum is 45; and any numbers the plipils know may be used in'the magic

square.
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18 6

15

24 12 1

Say to the pupils, "Which region will you fill first?" A pupil may suggest

finding.the missing number in the top row. If so, he should write the

sentence and proceed as shown below:'

---18.+*a.+-6.=-45.-

18 + 6 + a = 45

Add 18 and 6.

24 + a = 45

Write this as a subtraction sextence;

a = 45 - 24

Subtract 24 from 45.

a is 21.

The answers are shown below. Let the pupils discover the,answer for

themselves.

cs

18 21 6

3 15 27

24 9 12

20;,-
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When the buoils understand sowares are.made, let them

open tneir books to P.:11 page 7.4 art =i'l the regions with the

correct r..Terals.

OBJECTLES:

1
Tt revien the -ea-:rg c= s_ttraction.

Tt review the techriaues o4: subtracticr using expanded form.

%. Tt review reramin: ir s..ptraptior.

';CCABLLARY: none

vATER1ALS: 2411 pages SO - 87

Activity 1: Review of subtraction

Obiective:

Pupil page 80

Children can use the short form of subtraction without regroup-

ina for sums less than i,000.

Teaching Procedure:

Tell the pupils the following word problem:

289 pupils atTend Dawson School. 136 of them are girls. How many

boys attend Dawson School?

Let the pupils talk abcut the problem. Guide them to exp ss the

relationship of the numbers in the problem as a mathematical sentence.

The following Questions should help them:

What is the problem about? (There are 289 pupils in Dawson School, and .

136 of these pupils are girls.) What does the problem ask? (How many boys

attend Dawson School?)
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Guide the *pupils to suggest either of the sentences below. When one

is given, help t'hem write the other and to say, "The sentences mean the

same thing."

136 + c = 289

289 - 136 = c

Let the pupils talk about the sentences they made and say,"c is a

missing addend." Get them to tell how they can find the missing addend.

Write; the known addend and the sum as shown below and say, "Let's tihd

the missing addend this way."

136

289

Ask, "6 ones plus how many ones equals 9 ones?" C3 ones/ Write 3 in

ones' place. Ask, "3 tens plus how many tens equals 8 tens?" (5 tens)

Write 5 in tens' place. Ask, "one hundred plus how many hundreds equals

2 hundreds?" (1 hundred) Write I in hundreds' place. The board will

look like this:

136

+ 153

289

Say "You are subtracting. We will write the numerals in subtraction

form and subtract." Guide the pu;:ils to f'ild 'me missing addend again as

they use subtraction language. (Write only what is shown on the left

on the following page.)
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289 First sittract the number of ones. 9 - 6 = 3. Write 3 in the

- 136 ones' place.

153 Subtract the number of tens. 8 - 3 . 5. Write 5 in the tens'

place. Subtract the number of hundreds. 2 - 1 = I. Write 1

in the hundreds' place.

Let the pupils say that 153 will make their sentences true. Write:

136 + 153 = 289 and

289 - 136 . 153

Guide the pupils to see that if one of the sentences is true, the

other sentence is true. Let the pupils add 136 and 153 to make sure the

sentence is true.

Say, "We are solving a word problem." Ask, "What question did the

problem ask?" (How many boys attend Dawson School?) Ask, "Can you answer

the question?" (153 boys attend Dawson School.) On the board, write the

following incomplete sentence. Choose a pupil to help you complete it as

shown.

153 boys attend Dawson School,

Note: If the pupils need more help in understanding subtraction, let

them show the exercises with bundles of sticks in a place value box.

Note: In some problems that require subtraction, the answer may be

called the difference. For example, in this problem the difference between

289 pupils and 136 pupils is 153.

Ask the pupils to open their books to page 80. With the pupils' help

work one or more exercises on the board. Then let the pupils work the

other exercises in their books. Go around the classrcom, giving help as

needed.
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Activity Further study of subtraction

Objective,:

Pupil page 81

Children can use the short form of subtraction with regrouping

required for sums less than 1,000.

Teaching Procedure:

Tell the pupils the following word problem:

Mr. Williams had 83 bags of flour. He sold 67 bags. How many bags

were no+ sold?

Ask questions to help the pupils express the relationship of the

Numbers in the problem'as a mathematical sentence. The pupils may suggest

either of the following sentences:

67 + y = 83 or

83 - 67 = y

Guide the pupils to say, "y is the irlissing addend. We subtract numbers

to find the missing addend. We subtract the known addend, 67, from the sum,

83." Write the subtraction exercise as shown below:

83

-67

Tell the pupils /hat the subtraction process depends upon renaming the sum

and the known addend. Ask them to give different names for the humper 83.

They may mention

8 tens and 3 ones

7 tens and 13 ones

(80 + 3)

(70 + 13)

20,'
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On the board, write the forms shown below:

Subtract Subtract

8 tens and 3 ones 7 tens and 13 ones

6 tens and 7 ones 6 tens and 7 ones

Ask, "Which of the above forms makes it easier for you to subtract 67

from 837 Which name shall we use for 83?" (7 tens and 13 ones) "Why

is it easier to subtract when 83 is renamed as 7 tens and 13 ones?" (We

need more than 3 ones to subtract 7 ones)

Guide the pupils to think and write in the following way:

83 First subtract the number of ones. There are not enough ones to

- 67 subtract 7 ones from 83 when we think of 83 as 8 tens and 3 ones.

16 Rename 83 as 7 tens and 13 ones. 13 - 7 = 6. Write 6 In the ones'

place. Subtract the number of tens. 7 - 6 = I. Write 1 in the

tens' place.

Point to the sentence 83 - 67 = y. Ask, "Do you know the number that makes

this sentence true?" (Yes, 16) Write the following:

16 + 67 = 83 and

83 - 67 = 16

Ask the pupils to add 16 and 67 to make sure the addition sentence is true.

Get the pupils to think again of the word problem. Ask, "What

question did the problem ask?" (How many bags of flour were not sold?)

Say, "Answer the question asked by the problem." (16 bags of flour were

not sold.) Write the following incomplete sentence. Get a pupil to com-

plete it.

16 hags were not sold.
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Ask this question: "What is the difference between 526 dollars and

351 dollars?" Get the pupils to write a mathematical sentence for the

question. 'They may suggest one of the following seutences:

n + 351 = 526 or
1111.11011110.

526 -.351 = n

351 + n = 526 or

Let the pupils talk about how they can mak:op/the sentence true. Guide

them to decide to subtract 351 from 526. Write the numerals as shown

below:

4,

526

- 351

Say, "We first subtract the number of ones, then the number of tens and

then the number of hundreds. The subtraction process depends upon renam-

ing the sum." Guide the pupils to study the exercise and to choose the

most convenient name for the sum. Ask, "Do you need more ones in the name

of the sum?" (No. There are enough ones. 6 ones - 1 one = 5 ones.) "Do

you need more tens in the name of the sum?" (Yes. To subtract 5 tens

from 526 we need at least 5 tens in the name of 526.) "How can you rename

526 to name more tens?" (4 hundreds, 12 tens and 6 ones)

Write these forms on the board:

Subtract Subtract

5 hundreds 2 tens 6 ones 5 hundreds 1 ten 16 ones

3 hundreds 5 tens 1 one 3 hundreds 5 tens 1 one

Subtract

4 hundreds 12 tens 6 ones

3 hundreds 5 tens 1 one

199
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Let the pupils examine each of the subtraction exercises and decide that

each shows 526 - 351. Get the pupils to try to subtract, using the forms

as given. Ask, "Which of these forms makes it easier to subtract?" (The

last one) "Which name for 526 is the best one for you to use to subtract?"

(4 hundreds, 12 tens and 6 ones)

Help the pupils to think and write as shown below:

526 First subtract the number of ones. 6 - 1 = 5.

- 35! Write 5 in ones' place.

175 Subtract tens. There are not enough tens to subtract 5

tens from 526 when we think of 526 as 5 hundreds, 2 tens

and 6 ones. Rename 526 as 4 hundreds, 12 tent, 6 ones.

12 - 5 = 7. Write 7 in tens' place.

Subtract hundreds. 4 - 3 = I. Write 1 in hundreds/ place.

Guide the pupils to say, "175 is the missing addend." Potnt to the sentence

351 + n = 526 and ask, "Have you found the number that will make the sentence

true?" (Yes, 175) Write the following:

526 - 351 = 175 and 351 + 175 = 526

Let the pupils add 351 and 175 to make sure the addition sentence Is true.

Ask the pupils to open their books to pupil page 81. You and the

pupils work one or more of the exercises on the board. Get the pupils to

work the Other exercises in their books. Give help as needed. Get the

pupils to tell you how they name the sum to subtract. Help them to choose

the best name.
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Activity Review of the techniques of subtraction

Ob'ective:

Pupil pages 82 - 84

Children can subtract, regrouping when required for sums less

than 10,000.

Teaching Procedure: (Group 1)

Write this on the board:

325

- 148

Ask the children to work together to subtract the numbers. Say, "Think

et the numbers in expanded form and then subtract the number of ones and

then tens and then hundreds." Get the children to write the expanded

form of the two numerals:

325 300 + 20 + 5

- 148 100 + 40 + 8

Ask, "Ars there enough ones In the ones' place of 325. to subtract 8? (No)

What can you do?" (Rename the sum)

325 300 + 20 +,,5 300 + 10 + 15

- 148 100 + 40 + 8 100 + 40 + 8

Let a child subtract the ones (15 - 8 = 7) and write 7 in the ones'

place. Ask, "Are there enough tens in the tens' place of the sum to sub-

tract 40? (No) What can you do?" Rename the sum.

325 300 + 10 +15 200 + 110 + 15

- 148 100 + 40 + 0 100 + 40 + 8

"Can you subtract the tens?" (Yes. (II , 4) tens = 7 tens.) Let the child

who answers write 70 in the missing addend. Ask, "Can you subtract the
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hundreds?" (Yes. (2 - 1) hundreds = I hundred.) Write 100 in the missing

addend. Say, "The missing addend is 100 + 70 + 7. What is its simplest

'name?" (177) Tell the children that there is a shorter form for writing

their work. Let the pupils go over the example again. As they do so, guide

them to write the form to the left and to explain the work to the right as

shown in the following example. Point to the proper numerals as the chil-

dren talk.

325 I. Think of 325 as 3 hundreds, 2 tens and 5. Think of

- 148 148 as 1 hundred, 4 tens, and 8.

177 2. There are not enough ones in the ones/ place of the

sum to subtract 8. Rename 325 as 3 hundreds, 1 ten

and 15. Subtract the ones. 15 - 8 = 7. Write 7

in the ones/ place.

3. There are not enough tens in the tens/ place of the

sum to subtract 4 tens. Rename 3 hundreds and 1

ten as 2 hundreds and 11 tens. Subtract the tens,

(11 - 4) tens = 7 tens. Write 7 in the tens/ place.

4. Subtract the hundreds. (2 - 1) hundreds = 1 hundred.

Write 1 in the hundreds/ place.
c

5. The missing addend is 177.

For the next example, write the following story problem on the board:*

In two days, trains carried 9724 tons of copper to the coast. lf

2428 tons were carried on the second day, how many tons were carried on the

first day?

*Group 11 begins here. Group I should also use this material.



Ask, "What question does the problem ask? (How many tcns were

carried on the first day?) What do you know? (9724 tons were carried

altogether and 2428 of these tons were carried the second day.) How do

you find how many tons were carried the first day?" Help the children

to see that they subtract to find the answer. Guide the children to

write a mathematical sentence for the problem. They may write either of

the following sentences:

9724 - 2428 = d

d + 2428 = 9724

Before talking about the method of subtraction, let the children

make guesses as to about what number d makes the sentence true. They may

think: the sum is about 9000; one addend is about 2000; the missing addend

is about 7000.

Say, "You guessed that d is about 7000. Now subtract the numbers and

find what d is." Write the numerals for the numbers on the board. Let

the children go through the steps of renaming and then subtracting. You

point to the numerals and write the digits in the answer as they talk.

9724

- 2428

7296

Let the children say that d is 7296, and that 7296 tons of copper

were carried the first day. Ask, "Did you make a good guess? (Yes. We

guessed 7000.) Can you check the answer?" (Yes. We can ad6 7296 and

2428. The sum should be 9724. There were 9724 tons of copper carried in

two days.) Let them check their answers.



[Pupil page 851

Let the children do the exercises on pupil pages 82 - 84. It is

not necessary to do all three pages during one lesson. Spend only as

much time on these pages as the children need.

Activity 4: Using subtraction

Ob'ective:

Children can subtract, regrouping sums represented by 3 or

4 digit numerals containing one or more zeros.

Teaching Procedure:

Tell the pupils the following word problem:

Mr. Warren had 636 cans in his shop on Monday morning. When he

Closed his shop on Saturday, he had 379 cans left. He had sold the

rest. How many cans had he sold?

Guide the pupils to suggest one of the following mathemattcal

sentences:

s + 379 = 636 or 379 + s = 636 or

636,- 379 = s

Write the exercise in vertical form. Guide the puptls to think about the

exercise as shown at the right below.

OP

636

- 379

257

204

Subtract the number of ones. There are not enough ones to

subtract 9 ones when we think of 636 as 6 hundreds, 3 tens

and 6 ones. Rename 636 as 6 hundreds, 2 tens and 16 ones.

16 - 9 = 7. Write 7 in the ones' place.

Subtract the number of tens. There are not enough tens to

subtract 7 tens when we think of 636 as 6 hundreds, 2 tens

and 16 ones. Rename 636 as 5 hundreds, 12 tens and 16 ones,

:2 - 7 = 5. Write 5 in the tens' place.
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Subtract the number of hundreds. 5 - 3 = 2. Write 2 in

the hundreds' place.

Point to the mathematical sentence 379 + $ = 636. Get the pupils to say,

"257 is the missing addend. 257 makes the sentence true." Write the

following:

379 + 257 = 636 and

636 - 379 = 257

Let the pupils check theix work by adding 379 and 257.

Tell the pupils the word problem again about the cans Mr. Warren sold.

Ask, "What question did the problem ask?" (How many cans had Mr. Warren

sold?) Say, "Answer the question asked by tne problem." (He had.sold 257

cans.) Write the following incomplete sentence on the board and get the

pupil to complete it:

He had sold 257 cans.

Write the following on the board.

900 - 532 n

Write the exercise in vertiCal form and guide the pup(Is 'to think and

.write as shown.

900 First subtract the number of ones. There are not enough ones

- 532 to subtract 2 ones from 900 when we think of 900-as 9 hundreds.

368 Rename 900 as 90 tens and then as 89 tens and 10 ones.

10 - 2 = 8. Write 8 in ones' place.

89 tens is 8 hundreds and 9 tens.

Subtract the number of tens. 9 - 3 = 6. Write 6 In tens'

place.

Subtract the number of hundreds. 8 - 5 = 3. Write 3 in

hundreds place.
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Point.to the sentence 900 - 532 = n and let the pupils say, "368 makes

the sentence true."

, Go over the subtraction of this exercise several times with the

pupils. Help them to understand the renaming of 900 'ais 90 tens and 0

ones and then as 89 tens and 10 ones and then as 8 hundreds and 9 tens and

10 ones. Write the following on the board:

1009 781 = n

Write the exercise in vertical form and guide the pupils'to think as'

shown below on the right:

1009 ,First subtract the number of ones. 9 - I = 8. ,Write 8 in

- 781 ones' place.

tens to subtract a

thousand and 9.

228 Subtract the tens. There are not enough

tens from I009.when we think of 1009 as 1

Rename 1009 as 9 hundred, 10 tens and 9. 10 - 8 = 2. Write

2 in tens' place. Subtract the hundreds. 9 - 7 = 2. Write

2 in hundreds' place.

Point to the sentence 1009 - 781 = n and ask whether th pupils can now

make the sentence true. Got them to write:

1009 - 781 = 228

Ask the pupils to open their books to pupil page 85. ith the pupils*

help, work one or more of the exercises on the board. The get the pupils

to work the other exerci,ses in their books. Give help as eeded." Go around

the class and get the pupils to tell you what they think a they subtract.
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Activity 5: Reviewing renaming in subtraction

Objective:

Pupil page 86

Children can subtract,.regrouping when required for sums less

than 10,000.

Teaching Procedure:

In this activity review quickly the idea of renaming in subtraction

and give practice in subtracting large numbers.

Before asking the pupils to work the exercises in their books, go-over

a few'examples to illustrate the use of expanded form and renaming.

Write the following example on the board. Do it only in short form

but discuss each step withathe children. Let them tell what the steps in

renaming are but write the numerals yourself to keep the activity moving as

rapidly as possible. Let the thinking of the children be similar to that

described to the right below:

5211 1. Think of 5211 as 5 thousands, 2 hundreds, 1 ten and 1.

- 2489

2722. 2. There are not eno,01 ones in the ones' place of the sum

Think of 2489 as 2 thousands, 4 hundreds, 8 tens and 9.

to subtract 9. Ren me 5211 as 5 thousands, 2 hundreds,

0 tens, and II. Sub ract the ones. 11 - 9 = 2. Write

2 in the ones' place

3. There are not enough tens in the tens' place of the

sum to subtract 8 tens Rename 5 thousands, 2 hund-

, reds, 0 tens as 5 thous nds, 1
hundred and 10 tens.

Subtract the tens. (t0 ) = 2 tens. *Write 2 in the

tens' place.

2i?"
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4. There are not enough hundreds in the hundreds' place

of the sum to subtract 4 hundreds. Rename 5 thousands

and I hundred as 4 thousands and II hundreds. Subtract

the hundreds. (II - 4) hundreds = .7 hundreds. Write

7 in the hundreds' place.

5. Subtract the thousands. (4 - 2) thousands = 2'thousands.

Write 2 in the thousands' place.

6. The missing addend-is 2722.

Do several other subtraction examples and;go over the steps os before.

Some you may use are these:

9514 6013

- 1855 - 3489

After the subtraction in the sedond example, say, M1emember that

subtraction is finding the missing addend. You can check your answer by

thinking of the addition sentence for the example." Get the childreo, to

write the sentence 3489 + n = 6013 for the second example. Go on, "By

subtracting you found that the missing addend is 2524. 1,f n is 2524, is

the addition sentence true?" Let the children add (3489 + 2524) to show that

the sum is 6013. Say, "We call this 'checking our answer.'"

Write on the board

5000 - 1,999 = n

Say, "How can we find what n is?" Guide pupils to think of a quick

way of solving for n other than the usual process of subtractton. The

following questions may direct thei thinking:

1999 is close to what number? (2000)

Would it be easter to subtract 2000 from 5000 or to subtract 1999

from 5000? (2000 from 5000)
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2000 is how many more than 1999? (One) Now, how close do you

think 3,000 is to the difference between 5000 and 1999? (One) Is the

difference between 5000 and 1999 more than 3000 or less than 3000?

(More than 3000) Why do you think it is more than 3000? (We added one

to 1999 to make it 2000 for easy subtraction, so we can add one to the

difference) What is the difference? (3001)

Say, "Let's write a mathematical sentence for what we did." Write

5000 - 1999 = (5000 - 2000) + 1

Ask a child to work both parts of the equation so that students can

see that each'expresses the same number, 3001.

Work several problems in this way. You may use such problems as

5000 - 2001 5000 - 1995

Note: If necessary, use 500 - 199 or 50 - 19 and use counters or

dots. It may prove helpful to demonstrate the use of this skill in

problems involving money, a very practical application, such as:

$5.00 - $1.99 = m or $50.00 - $19.99 = n

Ask the children to work the exercises on pupil page 86. Ask them

to work the exercises at the bottom of the page ustng the "short cut".

Activity 6: Extending subtraction to numbers

greater than 10,000

'Objective:

Pupil page 87

Children can subtract, regrouping when required, for sums

less than 100,000.
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Teaching Procedure:

The ideas and methods used in this activity are .rhe same as in the

last activity. Here the ideas are extended to numbers greater than 10,000

so that renaming and su&tracting in the ten thousands' place are included.'

Begin with an example like this:

32,921

- 18 365

Ask the children to subtract. When they have completed the exercise,

work it on the board and discuss each step.

After the example is completed, guide the children to see that

they can check the subtraction by adding:

18,365

+ 14 556

32,921

. Do a few other examples as needed and then let the children do the

exercises on pupil page 87. Encourage them to use addition to check their

answers. If some have difficulty, go over several exercises step by

step with them.

TOP UBT CT 0 GE NUMBERS

OBJECTIVES:

I. To review addition and subtraction using inequalities.

2. To review techniques using story problems.

VOCABULARY: dozen

MATERIALS: pupil pages 88 - 93
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Activity I: Using < and >

Ob)ective:

Pupil page 88

Children can compare a difference and a number using the

symbols <, >, or =.

Teaching Procedure:

Note: If the pupils ;?iipt familia9 with the word dozen teach

the meaning of the word before beginning this activity.

Tell the pupils the following word problem:

Mr. Purnell had 90 oranges. He sold 3 dozen of them. .Did he have

enough, oranges left to sell 4 dozen more?

Guide the pupils to think:

Mr. Purnell had 90 oranges. He sold 3 dozen. Did he have enough

left to sell 4 dozen more? He sold 3 dozen, or 12 + 12 + 12 = 36.

He had left (90 - 36) oranges, 90 - 36 = 54.

P

He wishes to sell 4 dozen, which is 12 + 12 + 12 + 12 = 48.

Is 54 less than, greater than, or equal to 48? (54 > 48) Get the

pupils to answer the question asked in the problem. (Mr. Purnell has

enough oranges left to sell 4 dozen more oranges.)

Get the pupils to open their books to page 88. Let them select one

exercise and with their hefp work the exe, cise on the board. Get the

pupils to work the other exercises in their books. Go around the class-

room. Observe the pupils and listen to them tell how they sUlitract.

Give help as needed.
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Activity 2: Inequalities using addition and

subtraction

Ob ective:

'Pupil page 89

Children can compare sums and/or differences using the

symbols <, > , or =.

Teaching Procedure:

Write the following problem on the board.

There were 213 people waiting for buses. Five buses arrived. Each

bus seats 43 people. No one is allowed to stand. Can everyone be

seated? If so, are there any seats not used?

Let the pupils talk about the problem. Guide the children to say,

"We find wt,ich of two numbers is larger. One number 213 tells how many

people there are. The other number, 43 + 43 + 43 + 43 + 43, tells how

many seats there are." In sentence form, this will be:

213 43*+ 43 + 43 + 43 + 43

Get the pupils to decide which symbol, < , > , or =, makes the sentence

true. Ask one of the pupils to add five 43's. The sum is 215. (If

a pupil notices that 43 + 43 + 43 + 43 + 43 = 5 x 43, iet him do the

multiplication.) Guide the children to decide: the correct symbol is ;

there are enough seats for everyone; two seats are not used.

Below are other examples of this kind of exercise. You or the pupil may

make up story problems to go with the sentences. . In each exerctse get the

pupils to decide which symbol, < , >, or =, makes the sentence true:

342 +.574 1000 - 81

876 + 754 726 + 871

948 + 385 (474 + 117) - 28

8 + (728 - 432) 654 - 349
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Let the pupils open their books to pupil page 89 and do the exer-

cises.

Activity 3: Story problems with large numbers !Pupil pages 90 - 921

Obiective:

Children can solve story problems involving addition and

subiraction of numbers less than one million.

Teaching Procedure:

Ask the children to turn to pupil page 90. Let a child read the

first problem aloud. Go over the procedure for solving the problem.

The procedure for problem l is:

a. Compare the three numbers telling the height of the three

mountains. Which is the largest number?. (14,162) Therefore,

Mount Shasta is the highest.

b. Compare the other two numbers. Which is larger, 14,110 or

8,751? (14,110) Therefore, Pike's Peak Is higher than

Guadalupe Peak.

C. Answer the questions: How can we find how much higher Pike's

Peak is than Guadalupe Peak? (We subtract the height of

A Guadalupe Peak from the height of Pike's Peak.)

4
d. Show the mathematical,sentences for these.

e. Answer the questions after doing the subtractions.

Read through the other problems with the class and let the children

do the work. Tell them to write the mathematical sentences for the

questions asked, solve the sentences and write the answers to the ques-

tions.

213
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Notice that in the second problem they are asked to show a mathe-

matical sentence comparing a greater number with a lesser number, using

population figures. They may show this as:

938,219 > 679,684

If there is difficulty with reading the problem let the pupils help

each other read the problems one at a time, giving the children sufficient

time to do each before reading the next. Follow the same procedure for the

problems on pupil pages 91 and 92.

Activity 4: Addition and subtraction of large

numbers

Ob'ective:

, Children can add and subtract numbers less than one million.

Teaching Procedure:

Ask the pupils to turn to page 93 and do the exerctses. Remtnd

the children to read the exercises carefully because there are both addi-

tion and subtraction exercises. Say, "Remember that it usually helps in

solving word problems to write a mathematical sentence. Then you can

solve the sentence to find the answer to the question asked."

Pupil page 93

OBJECTIVE:

To provide challenge problems in addition and subtraction.

VOCABULARY: none.

MATERIALS: pupil pages 94 - 97
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Inpup I l page 94
1Activity I: Using properties

Objective:

Children can use the commutative and identity properties

of addition to complete an addition chart.

Teaching Procedure:

in Unit 6, operation machines were used to get the pupils to dis-

cover the properties of addition. This method may be used again to start

the discussion.

Get the pupils to recall the meaning of the commutative property of

addition: We may add two numbers in either order and we always get the

same sum. (In symbols, a + b = b + a, where a and b are any whole num-

bers.) Get the pupils to recall also that the sum of any number and zero

is that number. (In symbols, a + 0 = a, for any whole number a.)

Put an addition chart like this on the board. (Use any five numbers.)

5 19 32 6 11

5

19

32

6

11

First ask the pupils for the sums that go in the boxes that are

filled in the following example. Remind them that the sums are obtained

by adding the number to the left in a row and the top number in a column.

For example, 5 + 32 = 37.
4. 5 19 32 6 11

io4
19

24 11 16

38 51 25

66n.o.0.1601,

11

38
A

30

43

12 17

2 2 215
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Note: Answers are not obtained by adding preceding answers. For

example, in the table on the previous page, 10 + 24 37.

Ask, "Can you fill in the other boxes without doing any other addi-

tion?" Guide the children to say that because of the commutitive property,

they know all the sums. Let the children fill the other boxes.

Let the pupils open their books to pupil page 94. Chart 1 can be com-

pleted without any additions. Also use this exercise to review the property

of zero. Chart 2 requires two additions and one subtraction.

In Exercise 3, Frank's way uses both the commutative property and the

associative property. The commUtative property is used several times. This

exercise may be too difficult for some pupils. It is a challen0 problem

and 13 marked with an *.

Exercise 4 is solved in this way:

(2 + 23) + (5 + 20) + (8 + 17) + (II + 14) = m

4 x 25 = m

m is 100

You may give this sentence to some of the children to solve if they

find Exercises 3 and 4 a challenge. If you wish to give other sentences,

be sure the numbers are arranged in sequential order.

n = 5 + 10 + 15 + 20 + 25 + 30

Activity 2: Review of operation machine

Ob ective:

216

Pupil page 95

Given an operation machine and a pair of numbers, children

can find the missing operation, the missing sum, or the

missing addend.
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Teaching Procedure:

Let the pupils open their books to pupil page 95 and discuss the

operation machines on the page. They will notice that a part of each

exercise is missing. Let them fine the missing part.

Activity Associative property of addition

Ob'ective:

Pupil pages 96, 97]

Children can use the associative property to find short cuts

for addition.

Teaching Procedure:

Again, operation machines may be used to start the discussion. Get

the pupils to recall the meaning of the associative property: If three

numbers are added, the sum is the same no matter which pair Is added first.

(In symbols, a + (b + c) = (a + b) + c, where 12J and c are whole num-

bers.)

Neu may want the children to review one of the operations introduced

in Unit 6 for which this property did not hold. One operation used was:

"Take half the sum." It wae called the "414" operation. For example,

(2A 6) 10 = 4A 10 = 7

2 ZS (6 A10) = 2,64 8 = 5

The operationL is not associative. You may want to use It for contrast

with addition. (Choose cdrefully the numbers you use with operationso

the children can find I. of all the sums.)
2
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Let the pupils open their books to pupil page 96. Let them read and

think about Calvin's way of adding. Help them to decide why it works.

They should tell where the associative property Is used. Let the chil-

dren use Calvin's method to work these easier examples:

a. 19 + 12 = 19 + (1 + II) -b.. 57 + 17 = 57 + (3 + (4)

= ((9 + 1) + 11 = (57 + 3) + 14

= 20 + 11 = 60 + 14

=31 = 74

Get the children to solve Exercises 1 to 3 on pupil pages 96 and 97.

Then discuss Calvin's way of subtracting. Below are more examples you

and the children may work together. The work may look like this:

c. 49 n = 145 d. 19 + n = 64

(45 + 4) + n = 145 (14 + 5) + n = 64

45 + (4 + n) = 145 14 4 (5 + n) = 64

4 + n is 100 5 + n is 50

n is 96 n is 45

Then get the pupils to solve Exercises 4 and 5.
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